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A SUGGESTION FOR EXPERIMENTS ON APPARENT 
RADIO DIRECTION VARIATIONS* 


Bv 
L. W. AUSTIN 


(Communication from International Union of Scientific Radio , 
Telegraphy) 


The following facts have been observed in regard to the 
apparent direction shift of long-wave stations at moderate 
distances (200 to 700 km.). 

(1) During the night, as is well known, these stations show 
large irregular shifts. 

(2) During the day, from shortly after surnise, the bearing 
is generally nearly correct up to about two hours before sunset, 
tho on a few occasions, notably during some of the cold waves 
of January, 1924, there were shifts of a number of degrees early 
in the day. 

(3) During the past year daily observations have been taken 
in Washington, on New Brunswick and Tuckerton, New Jersey, 
which show a regular shift toward the east beginning about two 
hours before sunset, reaching а maximum of from 8 to 15 de- 
grees, returning to normal near sunset, after which there is 
frequently а sharp shift to the west followed by the irregular 
night shifts. This before-sunset shift is among the most regular 
phenomena so far observed in transmission in radio telegraphy 
as it has not failed once during the year. (There were no ob- 
servations on Sunday and a few other days). 

(4) The more distant stations, Rocky Point (415 km.) and 
Marion (660 km.) seem to show less regular sunset shift than 
those at about 250 km. 

(5) Annapolis (54 km.) shows no definite sunset shift, but 
frequently shows а short-period (10-15 minutes) continuous 
shifting for hours аба time at any time of day amounting to 
three or four degrees. 

These apparent direction shifts are generally believed to be 
connected with reflection from the boundary of a conducting 


*Received by the Editor, October 25, 1924. 
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layer in the upper atntespliere. According to the hypothesis 
advanced by Eckersley 4 YRadio Review” II, page 60, 1921), the 
deviation is caused’ уе a геНесісі wave which, coming down, 
strikes the radipzetynp ass coll without having previously passed 
along the suff Hr of the ground. This ungrounded wave will in 
general not havi e its magnetie field horizontal, as in the case of 
а ground wave, but the field will have a vertical component 
which ELI the top and bottom of the coil, thus producing an 
eleAperhotive foree which, to produce silence in the telephones, 

тіп “be compensated by rotating the сой from the position of 


os true пина. 


As Professor Kennelly has pointed out, experiments оп direc- 
tion. shift form one of the most promising. means of gaining 
information. regarding the Kennelly-Heaviside layer. А deter- 
mination of the distance at which the variations are a maximum 
will give an indication of the height of the layer, while observa- 
tions on possible differences in the effect due to differences in 
direction, tine of day, type of antenna, and so on, msy give 
further useful information. All such information in regard to the 
upper atmosphere ік of the highest importanee in developing a 
complete theory of radio transmission. These observations can 
зан Пу be made by anyone having a long wave receiving set and 
a four- to six-foot coll antenna, capable of rotation, with fifty 
or more turns. Tf the observer does not wish to work up his 
results for publication but prefers to send them to this laboratory, 
he will be given due eredit when our work ts published. 

SUMMARY : Thc author suggests the systematic investigation of apparent 


shifts in direction of transmitting stations as indicated on a loop receiver. 
He describes briefly some of the effects so far discovered. 


RECENT INVESTIGATIONS ON THE PROPAGATION OF 
ELECTROMAGNETIC WAVES* 


By 
M. DAEUMLER 


(Communication from the National Telegraph Engineering Bureau 
of Germany) (Telegraphentechnische Reichsamt, Berlin) 


Our knowledge of the causes of the modifications experienced 
by electromagnetic waves in their passage thru space has gaps in 
it. We have observed diurnal and annual variations of intensity 
of the waves, the magnitudes of which are different at different 
times, and for which no unimpeachable explanations have yet 
been found. We have also observed a diminution of field inten- 
sity with distance which is not in agreement with the theorctical 
law connecting these quantities. In addition, we have not yet 
been able to determine whether the daytime or the night-time 
value of the receivedelectrical field isthe normal value, that is, which 
cf these values is to be regarded as the one which is in accordance 
with the theory. In order to clear up these questions, which are 
intimately connected with the propagation of electromagnetic 
waves, comprehensive measurements have been carried out at 
the National Telegraph Engineering Bureau of Germany (Tele- 
graphentechnische Reichsamt ). 


I. METHODS OF RECEPTION 

An objective and quantitative measuring arrangement is re- 
quired for the investigation of the propagation phenomena, In 
order that the variations of intensity at the receiving stations 
тау be precisely followed. Quantitative measuring apparatus 
has been deseribed, among others, by the following investigators: 
L. W. Austin,! J. L. Eekersley,? C. W. Pickard,? G. Vallauri,4 
M. Сшегге, Н. J. Round and U. F. C. Lunnon,® К. Bown, C. А. 
Englund, and Н.Т. Friis’? and L. F. Fuller? Some of these 
investigators have used the telephone as the indicating instru- 
ment. In spite of careful calibration of the receiving apparatus, 


*Received by the Editor, July 21, 1091. "Translated from the German by 
the Editor. This paper will also be published in German in 1, volume 2 61 
"Elektrischen Nachrichten-tecehnik." 
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it is not possible to avoid entirely the disadvantages of the tele- 
phone, namely the insensitiveness of the ear and the fact that the 
readings are subjective and therefore, in part, dependent on the 
observer. Тһе degree of uncertainty which may result from the 
use of the measuring arrangements depending on the ear is made 
abundantly clear by the work of А. Klages and O. Demmler? and 
of the writer." In order to avoid these defects, an objective 
measuring method has been worked out at the National Telegraph 
Engineering Bureau by G. Anders, which method will soon be 
fully described. 

The following is the basis of this method: The current produced 
in the receiving antenna by the distant transniitter, after suitable 
amplification, causes deflections of an electrometer proportional 
to the received current. The measurement of the antenna current 
is accomplished by means of an auxiliary. transmitter current, 
which is adjusted accurately to equality with the original antenna 
current in amplitude and frequency, апа which is measured by 
means of a barreter ora thermo-couple. By the utilization of the 
principle of the current transformer, it 1s possible accurately to 
measure considerably smaller currents than could be measured 
directly by the available instruments. The measurements can be 
carried out during the regular operation of the distant transmitting 
station because the thread element of the electrometer accurately 
follows the code signals of the station which is under observation. 
The subjective errors of the observer are avoided in our measur- 
ing method, as are also the physiological effects of atmospheric 
disturbances of reception which tend to spoil the note of the in- 
coming signal and thus to make them seem weaker than they 
actually are. Our method therefore enables the completely 
objective measurement of received signals. 


II. MATHEMATICAL TREATMENT OF THE PROPAGATION 
PHENOMENA 

F. Kiebitz, in his paper “On the Propagation Phenomena and 
Disturbances of Reception in Radio Telegraphy,"!! has con- 
sidered in detail the explanations which have been devised for the 
physical processes which occur in the propagation of electro- 
magnetic waves. To study the spreading of the electromagnetic 
wave, we must know the value of the electric field which the dis- 
tant transmitter produces at the receiving station. The follow- 
ing relations exist, according to Hertz and Barkhausen,!? be- 
tween the transmitter current of a continuous wave station, the 
received current, and the electric field at the receiving station: 
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In the above equations, the symbols have the following signifi- 
eance (using practical engineering units): 

F = electrical field at the receiving station in volts per meter 

I, -transmitting current in amperes 

I,=received current in amperes 

hı = effective height of the transmitting antenna in meters 

ћ = effective height of the receiving antenna in meters 

т — total resistance of the receiving antenna circuit in ohms 

д = wave length in meters 

d — distance from the transmitter to the receiver in meters. 

These relations are based on the assumption of a perfectly 

conducting ground in the form of a plane surface, and hold for 
wave propagation in a perfectly insulating medium without 
absorption, reflection, or refraction of the waves by the atmos- 
phere. For wave transmission over a spherical surface, the above 
equations contain the additional term: 


4 4. 
sina 
according to Н. Poincaré? J. W. Nicholson, , Н. March," 


and №. von Rybzinsky,'® because the distances on а sphere are 
smaller than those in a plane in the ratio 


Sin а 
а 
Here а is the angle subtended at the center of the sphere by the 
arc Joining the transmitter and the receiver. 

We thus obtain as the value of the electric field at the receiv- 
ing station, assuming no losses due to absorption, reflection, re- 
fraetion, or variable conductivity of the earth, the following: 

120 "a I, h, a 

n rdiet ы NE UL Im 4 
Ad sina (4) 

We shall refer to this value hereafter as the “theoretical value." 

It has been attempted to determine the losses in actual transmis- 

sion empirically and theoretically. Empirical relations have been 

worked out by L. W. Austin,! L. F. Fuller,? and others. In addi- 
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tion to those previously mentioned, (1316). А, Sommerfeld has 
worked out a theory of the propagation of electromagnetic waves 
taking account of actual losses. 
In general, the effect of these losses is given by a term of the 
form 
E 
E АМ 
in the equation of the received electric field, where € is the base 
of the natural system of logarithms, d the distance, ^ the wave 
length. A and M are numerical constants. Тһе above term 
will be referred to hereafter as the “absorption factor,” and takes 
account of all field reductions in the propagation of electromag- 
netic waves except those resulting from the theoretical diminu- 
tion of amplitude with distance. 
In practice, the value of the absorption faetor found by 
Austin and Cohen! is most generally used. It was determined by 


daytime measurements on waves traveling oversea over dis- 
0.00154 


tance up to 3,800 km. and has the value € л 
wherein А = 0.0015, М 20.5, and d and 2 are expressed. in kilo- 
meters. 
0.00425 d 

L. F. Fuller? found the value е А 
for the absorption factor for measurements between 5an Fran- 
cisco and Honolulu (3,800 km.) and Tuckerton to Honolulu 
(8,000 km.). 


III. EXPERIMENTAL RESULTS 


(a) SIMULTANEOUS MEASUREMENTS OF TRANSMITTED AND 
RECEIVED CURRENTS 

With the measuring equipment described above, Division II 
(Research) of the National Telegraph Engineering Bureau in 
Berlin (Kóniggrützstr. 20), and the Radio Research Station at 
Strelitz have been carrying out a series of measurements on 
received antenna currents to determine the field strengths of ehe 
signals from the American high power stations. The measure- 
ments were made on the signals from the stations at Rocky Point, 
Long Island (call letters WQK and WQL) and Marion, Massa- 
chusetts (call letters WSO), all of which are owned by the Кайо 
Corporation of America. Dr. Alfred N. Goldsmith showed most 
keen interest in our investigations and willingly acceded to all 
our requests, and Dr. L. W. Austin has also frequently helped 
us in our work. We cannot refrain from expressing our heartiest 
thanks to these gentlemen at this time. 
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During July and August, 1922, the measurements were made 
by having the antenna currents of both WQK and WQL at 
Rocky Point recorded at 4 А. M., 9 A. M., and 3 P. M. Central 
European Time and simultaneously measuring the received cur- 
rents at Berlin. The results are given in Figures 1 and 2. The 
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full line curve connects the points determined by the measure- 
ments, and the dashed line curve the points calculated by equa- 
tion (4) from the actual transmitter currents; the latter curve is 
therefore directly dependent on the transmitter eurrents. It can 
be seen from the curves that the transmitter current varies only 
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slightly from its average value (at most 20 percent), whereas the 
field strength at Berlin varies as much as 90 percent. (For 
passing judgment on the relation between the propagation phe- 
nomena and the variations in received intensity, the variations 
in the transmitter current need not be here considered.) The 
numerical values of average transmitter currents, effective 
heights, distances, wave lengths, and resistances necessary for 
the calculations are given in the following table. Тһе theoretical 
values of the electric field, on the basis of the average transmitting 
currents, are found from equation (4) to be 175 ну./ш. for WQL 
and 233 ро, /т. for ӘК. The actual values obtained by measure- 
ments, with the exception ofa single night-time signal for WQL, are 
considerably less. 


Rocky Point | Marion 
хок WQL* WQL WSO 
Wave Length........ km. 16.4 19.0 17.5 11.6 
Піміапсе............ Кт. 6,400 6,400 6,400 6,100 
Average Transmitter 
Current.........L.. атар. 676 626 603 530 
Effective Height of Trans- 
mitter Antenna..... m. 88 82.5 82.5 60.6 
Effective Height of Re- 
ceiver Antenna at Ber- 
ТЕП» оиа т 6.7“ 6.7* NA ЕР 
5.6 5.6 5.6 5.6 


m. 
Effective Height of Re- 
ceiver Antenna at Stre- 
ПЕЙ» сексен о m. 19 19 19 19 
Resistance of Antenna Rc- 
ceiving Circuit at Ber- 
Hsu ete pti beige ohms.| 700* 1,220* -— нге 
ohms, 170 300 210 83 
Resistance ot Antenna Кс- 
ceiving Circuit at Stre- 


Ez oe eared eee ohms; 462 os 190 194 
Field Strength, Equation 

[D esum ишек: Mv./m,| 214 160 168 171 

—.- 1.09 1.09 1.09 1.08 

sin a 
Field Strength X NES a | 233 175 183 185 

Pv /m. 
Absorption Factor, Austin- 

Cole o нона 0.0933 0.111 0.191 0.0685 
Absorption Factor, Fuller. 0.568 0.626 0.59 0.414 
Field Strength, Austin- 

Cohen.......... Iv. / m. 21.7 19.4 16.8 12.7 
Field Strength, Fuller 

Mv./m.| 133 ee ЕЕ 76.5 
Average Daytime Value 
Mv./m.| 150 ЖҮ TT 60 


*For the measurements during July and August, 1922. 
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(b) SIMULTANEOUS MEASUREMENTS AT Two RECEIVING STATIONS 


No definite conclusions could be drawn from the first series 
of observations as to the relation between signal variations 
because there were considerable intervals between the taking 
of the measurements. It was, therefore, decided to diminish the 
intervals in question. Accordingly, the station at Strelitz, which 
was chosen as the second receiving station, was fitted up with 
apparatus of the same type as that used in Berlin. In Novem- 
ber and December, 1922, simultaneous observations were taken 
at Berlin and Strelitz on the received currents from МОК. Fig- 
ures 3 to 6 show the measured field intensities for several days. 
Sunrise and sunset are also shown, as well as the theoretical field 
strengths. It will be noted that there is a satisfactory agreement 


370 zT 
i СЕБ Bas. 
ME: $e 7^ B 
270 = Җ us i gas) De 
nim to | Fel 
Уа Ж T: lbi 
ie Ps ad БИЙ ӨГ 
ac ARTE 
КЕТЕ dk 
г s Gee 
iss TW CRT 
"PENCIL 
EN ax noun 
170 ah = a 
dE uk E 
"ER 
730 ЖЕР 52255442 
ро ЕЎ "t ES 
т БЕН Зв 852254 
pieces ED 
"csi 35 
aT 2-] 
"VER 37: 
40 Еее Ven me rm 
70 4 mo AE 3 
Mtr CES Иа 
ТТЫ ы wu zem 
ЕГІ А ч dT 
EF i 
41 pi 
20 $ 
n ren EU 
Az umor 
д0 ою p» RS 230 79 23 P Ат p "M 79 aX 
Figure 3 
11 


Digitized by Google 


between the measurements іп Berlin and Strelitz, particularly 
on December 6, 1922. The general shape of the curves indicates 
that the field strengths at sunrise are large, and indeed approxi- 
mately equal to the theoretical value. With increasing elevation 
of the sun above the horizon, the signal strengths drop, reaching 
a minimum at noon or during the early afternoon hours, and grad- 
ually rising again after sunset. The general form of the daily 
changes in the eleetrie field was the same for all days on which 
observations were taken and may, therefore, be taken as typica 
These effects are well known by those skilled in the handling of 
radio trafie. Loud signals (corresponding to large field strengths? 
are observed during the night, and weak signals (or small field 
strengths) during the dav. 
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(с) CONTINUOUS OBSERVATIONS DURING SEVERAL Days AND 
NIGHTS 

In order to get a still more complete picture of the propaga- 
tion phenomena, particularly during the night, the scope of the 
observations at Berlin and Strelitz was broadened at the begin- 
ning of 1923. The received currents from WQK and WSO were 
observed for three successive days and nights each month. When 
WQK could not be heard, WQL was measured. Generally such 
observations were taken in the middle of the month, and at every 
forty minutes for each station. Individual measurements on the 
stations were therefore taken every twenty minutes. During 
these intervals, and particularly during the twilight and the 
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sunrise periods, many observations were made two or three 
minutes apart. The results of these measurements for the 
twelve months from February, 1923, to January, 1924, are 
given in Figures 7 to 18. Тһе distribution of day and night 
between the transmitting and the receiving stations is 
shown in these figures. Sunrise and sunset at Berlin and Rocky 
Point are marked by short vertical lines on the axes of abscissas. 
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The thin horizontal lines indieate the time during which only one 
of the stations was illuminated by sunlight, and the heavy horizon- 
tal lines indicate the time during which the entire path of the 
waves lay in complete darkness. Times are given in Central 
European and Amertean Eastern Standard Tines. 1n addition, 
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there are shown on the curves the field intensities calculated 
according to equation (4) for Berlin and Strelitz on the basis of 
the average transmitter currents, and hence having the values 

233 џу. /т. for WQK 

185 му./тп. for WSO, and 

183 џру. /тп. for WQL. 
Тһе value for WQL being in practical agreement with that for 
WSO, it is not specially marked on the measurement curves of 
January, 1924. Inasmuch as the observation station at Strelitz 
had to be shut down at the end of December, 1923, all later obser- 
vations could be taken only at Berlin. 


(d) GENERAL DISCUSSION OF THE RESULTS OF THE MEASURE- 
MENTS 


The four curves which appear in the Figures 7 to 18 have 
the same general shape and roughly maintain their relative am- 
plitude ratios thruout. In general, the field strength of WSO is 
less than that of WQK, which is also true for the corresponding - 
values of the field strengths calculated from equation (4). The 
superiority or greater consistency of the longer waves is evidenced 
by the closer approach to the theoretical values of the signals 
from WQK as compared to those from WSO. If we consider 
individual readings, it is found that the values for WQK and 
WSO frequently are different, altho there is good general agree- 
ment. These differences are to be ascribed to the limits of accu- 
racy of the measuring equipment. Anyone who has watched 
radio telegraphic reception with a galvanometer or an electro- 
meter is well aware that the moving element of the instrument 
is usually in rapid motion because of the incoming code signals 
and the atmospheric disturbances. This is particularly the case > 
for received signals which are at the lower limit of measurement 
or are of the same order of magnitude as the atmospheric dis- 
turbances, which has frequently been the case during the meas- 
urements on the American high power stations. Readings of the 
electrometer in such cases were made only on dashes during which 
no strays occurred, and in such cases the deflection of the elec- 
trometer thread at the end of the dash was sharply defined. In 
addition to the aboveuncertaintiesinthereadings, there were varia- 
tions due to changes in the transmitter energy and in its frequency, 
interference from other transmitters, uncertainty in the value 
of the effective antenna heights and resistances and variations 
therein, and differences in the individual measuring equipments, 
all of which limit the accuracy of measurement. We cannot, 
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72657 œ ахопе too extreme an accuracy for the result. We 
1.7- iausen for our results an accuracy of 30 percent, which em- 
o a range such that the differences of the Berlin and Strelitz 
<=. measurements will be included within it іп about 5,000 
~=. Differences between these measurements up to 70 per- 
17 eceur in only about 100 cases (or 2 percent of the whole), 
£u. jor weak field strengths accompanied by powerful atmos- 
Duenc disturbances. "They thus constitute instances in which 
тие observation or measurement limit had been reached. 
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If we attempt to pass Judgment on the accuracy of the meas- 
urements, we reach the conclusion that a probable aecuracy of 
30 percent in dealing with the very rapidly altering effects which 
must be followed by the measuring instruments represents a step 
forward in the field of radio telegraphie measurements. Іп соп- 
nection with the measurement of the field strengths of the Amer- 
ican high power stations, we carried out special tests to deter- 
mine the reliability of our apparatus. "Thru the courtesy of the 
Transradio Company for Overseas Radio Communication 
(Transradio A. G. fiir drahtlosen Ubersee-Verkehr), arrange- 
ments were made to excite the large antennas at Nauen (at dis- 
tances of 76 km. from Strelitz and 36 km. from Berlin) with such 
currents that the received currents at our observations were of 
the same order of magnitude as those produced by the American 
high power stations. These currents and the corresponding field 
strengths were in agreement with the theoretically calculated 
values, and larger currents also gave equally close agreement. 
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If we examine the curves more carefully with reference to 
diurnal and annual variations, we observe very clearly, as pre- 
viously stated, the high values of the field strengths at night and 
the low values during the day. The increase in strength occurs 
after sunset at the receiving station, and the decrease at sunrise. 
The highest values are obtained when the entire span between 
the stations is in darkness. The night values are several times 
the day values, the ratio being approximately four-to-one in the 
winter and two-to-one in the summer. The differences, there- 
fore, are not pronounced and are much less than the numerical 
values for these ratios previously given by other observers using, 
In some cases, subjective methods of measurement. 

The differences between day and night values depend on the 
time of усаг. The night values are higher in the winter than in 
the summer. The least values have been measured at sunset 
at the receiving station and at sunrise at the transmitting station. 
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Between these two minima, there are found two maxima, namely, 
a marked one during the night and a relatively broad maximum 
during the day. During the winter the minima approach each 
other since sunset and sunrise occur relatively closely together at 
opposite terminals of the span between the stations during that 
season. Тһе difference between the field strength by day in the 
summer and that in the winter is therefore chiefly a result of the 
approach of sunset and sunrise on paths between the transmitter 
and receiver of such lengths as we are here considering. 

There are large and rapid variations in field intensity during 
the night in the winter and spring which are particularly remark- 
able. Instances of these occurred on February 6, 1923 at 2. A. M. 
and on May 4th at 1. A. M. Тһе drop in signal strength, and 
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sometimes to a lower value than the weakest daylight signal, 
takes place in a short time, and is often accompanied, as we have 
noticed, by interruptions in the service. It first seemed correct 
to ascribe such signal changes to the transmitting station and 
due, for example, to а diminution in the transmitter current, 
alterations of frequency, or partial breakdown of the insulation 
of the transmitting antenna by rainfall. Questions addressed to 
Dr. Alfred N. Goldsmith showed these assumptions to be incor- 
rect. The transmitter current was held almost perfectly con- 
stant during the measurement days, and it was easy to observe 
that at other times the transmitter currents and frequencies of the 
two stations were held extremely constant. Хо abnormal at- 
mospheric conditions could be detected at the transmitting sta- 
tions. Consequently the cause of the peculiar signal drop can 
only be found in the intervening medium. 
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ПІ. CONCLUSIONS 
(a) THE NORMAL FIELD STRENGTH 


In making assumptions as to the relationship between the day 
and night signals, one can either regard the day value as a diminu- 
tion of the night value or the night value as an increase of the day 
value, and one can therefore be led to regard either the day value 
or the night value of the field strength as the normal one. The 
previous material enables us to give a decisive answer to the ques- 
tion of which value of the field amplitude is to be taken as normal. 
Using the law connecting field amplitude and distance, we should 
expect from equation (4) that, neglecting losses due to absorption, 
the following would be the electric field values at Berlin or Strelitz 
for the corresponding stations: 

for МОК, an electric field of 233 иу./тп., and 
for WSO, an electric field of 185 #v./m. 
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If we compare these values with those actually measured, 
we find that they are exceeded only in a few instances in winter 
and spring during the night, and that the measured values during 
the summer lie below the theoretical values. The peak values 
at night during the winter and spring differ from the theoretical 
values by an amount less than the probable error of the measure- 
ments except for a few values in February, 1923 (for WQK), іп 
August, 1923 (for WQL), and in January, 1924 (for WQL). Fur- 
thermore, the most recent measurements taken from February 
to June, 1924 (which are not given here), show that the night 
values of the measured field are of the same magnitude as the 
theoretical values. 

In addition to the measurements of the American high power 
stations, the European high power stations at Lyons, Rome, Car- 
narvon, and Stavanger were measured at Strelitz. Stavanger 
shows & particularly marked difference between the day and 
night values—sometimes as much as eight-fold. А description 
of these observations will be given by S. Wiedenhoff!?. If we 
carry out the same calculations for the Stavanger signals as we 
did in the case of the American stations, equation (4) gives a value 
of the electric field of 800 ру. т. Measurements at Strelitz gave 
actual night field strengths of from 200 to 1,100 »v./m., whereas 
the day value was only 130 4v./m. So that we find a good agree- 
ment between the theoretical value and the actual night field 
even for the comparatively short distance of 800 km. between 
Stavanger and Strelitz. | 

Since, as we have already seen, the field intensities calculated 
theoretically and the actually measured night field strengths are 
always comparable, we must regard the night values and the 
night transmission phenomena as normal, whereas the day values 
and the day transmission effects must be looked upon as abnormal 
or disturbed. This point of view has already been given by F. 
Kiebitz!’ in his paper on the refraction of electromagnetic waves 
in the atmosphere, and it is now confirmed by measurement. 

Previously developed theories of transmission can be regarded 
as of possible validity only if they are based on assumptions 
similar to the above. For example, we might more readily re- 
gard the point of view of Fleming?? as correct, which assumes 
energy losses during the day, than the theory of Eccles?! in which 
the day transmission is regarded as normal and the night values 
are considered as due to an increase of field strength arising from 
a good conducting layer of ionized gas in the upper regions of the 
atmosphere—the so-called Heaviside layer. Our measurements, 
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by establishing such close agreement between the values of field 
strength calculated theoretically and the actually measured night 
values, make the assumption of the reflection of the waves by 
such a layer unnecessary. 


(b) Гне REASON FOR VARIATION IN FIELD STRENGTH 


As а result of the proof that we must regard the night field 
strength as normal, it follows that the day values are to be con- 
sidered as & weakening of the night values. We therefore face 
the problem of the cause of this weakening and, more broadly, 
of field variations. As we have stated in III (d) of this paper, 
there is a unique correspondence between the daily changes in the 
field strength and successive positions of the sun and also the 
changes in illumination at both the transmitting and the receiv- 
ing station influence the field strength. 'This typical daily varia- 
tion in field strength has been noted in commercial service and 
also by other observers using subjective methods, the first of 
whom was G. Marconi. The material given in this paper veri- 
fies the earlier observations quantitatively by objective measure- 
ments, and has the great advantage that the actual magnitudes 
of the field strength variations are definitely determined, as pre- 
viously described. It is therefore established that electromagnetic 
waves are enfeebled by day transmission. Whether this occurs 
directly or indirectly, and whether electrical or meteorological 
causes produce this effect is beyond our present knowledge. 

Attention may, however, be directed to the following group 
of phenomena. "The heating of the earth by the radiation of the 
sun brings about various stratifications of the atmosphere. At 
night, the air has been uniformly cooled and may be regarded 
as & homogenous layer. By day, the air becomes disturbed, and 
therefore, non-homogenous, by the irregular passage of heated 
air to the higher regions and the downward flow of the cooler 
air. Bodies of air of different densities lie side by side. Тһе 
medium thru which the waves pass thus becomes “electrically 
turbid," and has а disturbing influence on the propagation of the 
waves since the waves are refracted, absorbed, or diffused at the 
boundary surfaces of air volumes of different densities, as was 
previously pointed out by Е. Kiebitz.!? After sunset the verti- 
cal motion of the air gradually ceases. The atmosphere slowly 
becomes uniform, and the causes of the disturbance of a perfectly 
free wave transmission are decreased. So that we may regard 
the night atmosphere as a meteorologically homogenous medium 
which interferes little or not at all with the passage of the waves. 
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The assumption that the waves at night pass thru а medium 
which does not absorb, diffuse, or reflect them is quite plausible 
and is supported by our measurement establishing the agreement 
between the theoretical and the actual field strengths. 

In accordance with optical laws, the waves can be refracted 
only by masses of air of different densities if these masses have 
sufficiently large dimensions. Consequently field strength varia- 
tions must be more common on the shorter waves because the 
formation of small masses of rarefied or compressed air can occur 
more readily and therefore more frequently than the formation 
of larger masses. Ав a matter of fact, more rapid and extreme 
variations of signal strength are observed on the short waves 
than on the long waves. 

In part III (d) of this paper attention was directed to the fact 
that the measured night values of the field strength were greater 
in winter than in summer. This annual variation of the field 
strength fits readily into the above theory of the causes of field 
strength variations. During the winter the difference between 
the night and day values of ground and air temperature is small 
and therefore the ''turbidity" of the atmosphere is small, so that 
а good homogenous intervening medium between the trans- 
mitting and the receiving station can readily be formed at night. 
In summertime, because of the marked heating of the ground 
and the short duration of darkness, the formation of such a homo- 
genous atmosphere can occur only to а small extent, and thus 
the atmosphere remains non-homogenous and weakens the waves 
in their path even at night. 

In addition to these causes of variable transmission, we have 
changes in the pressure of the atmosphere, the formation of 
clouds, precipitation of moisture, and accompanying phenomena. 
It was not possible to determine the extent to which these various 
meteorelogical conditions affect variations of field strength since 
comprehensive data relative thereto, particularly over the At- 
lantic Ocean, could not be obtained. The marked variations of 
the night field strengths occurring during the winter months can- 
not be explained by the above theory; their explanation must, 
therefore, be sought elsewhere. 


(с) FIELD STRENGTHS IN LARGE CITIES AND IN FLAT OPEN 
COUNTRY 
We are often told that the field strength produced by a sta- 
tion in а large city is less than that in open country because the 
layer of fog or smoke over the city weakens or diverts the waves. 
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If we consider our observations, we find this statement is not 
confirmed for the observed wave lengths of 16,400 and 11,600 m. 
Considering WQK and WSO, we find that the field strengths are 
sometimes higher in Berlin and sometimes in Strelitz, as can be 
seen directly from the curves. 


(d) THE ABSORPTION FACTOR 


The difference between the theoretical and measured values 
of field strengths is described as due to the sum total of all losses 
caused by absorption. Even a brief examination of the experi- 
mental curves shows the extraordinary difficulty which is neces- 
sarily experienced in attempting to express them by any equation. 
Such an equation would have to contain the distance, the wave 
length, the time of day and year, the weather, and even the 
nature of the intervening ground (because of the different veloci- 
ties of electromagnetic waves over land and sea). It requires no 
further consideration to see that it is impossible at this time to 
produce such a universally applicable formula. Тһе problem of 
the propagation of electromagnetic waves requires much further 
clarification thru numerous objective measurements before we 
can expect to derive such a formula. 

If we do not agree to abandon entirely the development of an 
equation of this sort, we are forced to restrict it to some special 
case, for example for the transmission of the waves oversea by 
day. We shall examine the Austin-Cohen and Fuller formulas, 
using these limitations. 

Applying it to our transmission measurements, the Austin- 
Cohen formula gives the following electric field strength values: 

for МӘК, a field of 21.7 ну. /т. and 

for WSO, a field of 12.7 ну. /т. | 
Our measured field strengths are several times greater than these 
values. Тһе daytime field strengths as measured for WQK are 
six times the value given by the Austin-Cohen formula, and for 
WSO they are five times the value. On the other hand, the 
absorption factor given by L. F. Fuller gives values in better 
agreement with our measurements, namely the following electric 
field strengths: 

for МӘК, a field of 133 ру. /т. and 

for WSO, a field of 76 иу. /тп., 
which are of the same magnitude as the actual measured values. 

In measuring the field strength of Annapolis in the neighbor- 
hood of Rome, Vallauri found values which were thirteen times 
as large as those calculated, using the Austin-Cohen absorption 
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factor. Dr. Austin, who is carrying on regular measure- 
ments on the European high power stations at Nauen and Lafa- 
yette (Bordeaux), found field strengths during the day which 
were about twice as great as values calculated, using his absorp- 
tion factor. Similar conclusions have been reached by G. W. 
Pickard, J. L. Eckersley, and C. R. Englund.?? 

We have seen that the results of measurements are to some 
extent in disagreement. The explanation for these differences 
remains to be found. We shall accordingly carry forward our 
measurement work. 


SUMMARY: Since the summer of 1922, quantitative measurements have 
been carried out on the signal strengths of the American high power stations 
МОК and WSO, using an objective measuring method. Тһе object of these 
measurements is to study the propagation of electromagnetic waves. It has 
been shown that these phenomena can be studied only by continued measure- 
ments. 

Curves are presented showing the field strengths on three successive days 
and nights once each month for the year February, 1923- January, 1924. In 
view of the agreement of the calculated values of field strength and the values 
actually found at night, it is concluded that the night value is to be regarded as 
the normal one and the day value as the abnormal or disturbed опе. Ап explana- 
tion of the diminution of field intensity is given by assuming that the atmosphere 
is "electrically turbid” by day in consequence of the heating of the earth and 
the resulting vertical motion of masses of heated air. Тһе waves are refracted, 
absorbed or reflected (and hence weakened) at the boundary surfaces of air 
masses of different densities. Diurnal and annual variations of field intensity 
can be readily explained by this theory. It was not possible to establish any 
difference between field intensity in a large city and in nearby open country. 

Тһе derivation of a universally applicable formula giving the field strength, 
while taking account of all absorption losses, is regarded as impossible at 
present. The empirically determined absorption factor of the Austin-Cohen 
formula does not give results in agreement with measurement, but yields 
markedly smaller values of field intensity; on the other hand, the absorption 
factor found by L. F. Fuller gives values in good agreement with the results 
of measurement. 
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THE MARCONI MARINE RADIO DIRECTION FINDER 


Bx 
П. DE А. DONISTHORPE 


(AMERICAN REPRESENTATIVE, THE MARCONI INTERNATIONAL MARINE 
COMMUNICATION COMPANY, LIMITED) 


INTRODUCTION 


Radio direction finding is daily becoming an essential feature 
of mobile radio stations and today there exist a large number of 
steamers fitted with this extremely useful adjunct to navigation. 

The introduction of the thermionic tube to the radio art may 
be said to have been mainly responsible for the practicability of 
the modern direction finder, as hitherto the range of these instru- 
ments was extremely limited, owing to the poor receptive quality 
of the loops necessarily emploved when used in conjunction with 
the detectors available in pre-war days. 

The erection of a large number of radio fog stations has given 
a large impetus to the fitting of direction finders on steamers, and 
the United States of America have shown great partiality towards 
these beacon stations, a large number of these radio beacons 
having been installed on lighthouses and light vessels by the 
Bureau of Lighthouses. 


HISTORICAL 


It is not the intention of this paper to go deeply into the 
theoretical side of the directional properties of antennas, but 
rather to describe the praetieal side of the modern marine radio 
direction finder. Bearing this in mind it will perhaps not be out 
of place to briefly trace the modern day apparatus from the early 
day experiments of radio directional effects. 

Marconi іп his carly investigation noticed a marked direc- 
tional effect associated with certain types of antennas and adopted 
such forms of antennas in his first trans-Atlantic work. 

Frior to this, Hertz himself, had shown how clectromagnetie 
waves of small length could be directed by reflection using para- 
bolic mirrors. This fact is mentioned merely “еп passant" in 

* Received by the Editor, October 2,1024, Presented before Тив INsTI- 
TUTE OF Бао ENGINEERS, New York, October 7, 1924. 
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view of the interest which is being shown today with the radio 
beams, which, however, employ a different method to obtain 
directional reception than is to be described herein. 

The well known inverted “L” antenna, such as is employed 
largely on board ship, has & very marked directional effect 
towards the heel of the “L,” and in 1906 Marconi took out a 
patent embodying a series of these inverted “L” antennas, 
erected with the horizontal limbs equally spaced radially about 
the actual receiving apparatus. 

However, progress in direction finding was given а practical 
start when certain investigators examined the properties of two 
spaced antennas, and of the receptive qualities of loops. 

Time does not permit in this historical survey to discuss all 
the various types of apparatus, but it is perhaps necessary to 
mention that Messrs. Brown and Stone discovered that two open 
vertical antennas joined together and spaced half & wave length 
apart had marked directional effects, and it was proposed to 
rotate this system as а practical direction finder. 

А scheme for overcoming the difficulty of rotating such an 
antenna system was introduced in 1907 by Bellini-Tosi, and their 
method forms the basis of the direction finders now utilized by 
the British Marconi Companies. 

This system has many advantages over the Е loop forthe 
direction finder, as a loop, particularly of large dimensions, does 
not offer a very good mechanical proposition as regards rotation, 
whilst a small loop introduces electrical errors. 


THE BELLiINI-Tosr DIRECTION FINDER 


DESCRIPTION OF Basic SYSTEM 

The Bellini-Tosi Direction Finder consists substantially of 
three essential parts namely— 

Active portion of 
system. 

2—The radiogoniometer. l Screened portion of 

3— The amplifying and detector unit. | system. 

The original method consisted in erecting two directional 
loops or frame antennas of equal dimensions insulated from each 
other and at right angles. The leading-in wires from these were 
brought thru some form of tuned buzzer device and connected 
to the radiogoniometer. 

The radiogoniometer consisted of two antenna coils wound 
on а common frame and which were of equal electrical dimen- 
sions, wound at right angles to each other. Within this former, 
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1--Тһе special oriented antenna system. | 


carrying these two antenna coils, а rotatable coil, known as the 
search coil, was fitted. 

The actual antennas and the respective coils of the radio- 
goniometer were connected in series with & variable condenser 
to allow of each antenna system being carefully tuned to the wave 
length of the station it was desired to receive. 

One of these condensers had connected across it а small vari- 
able “ЫШ” or tubular condenser to allow of fine tuning in order 
to produce perfect balance between the two antennas. Тһе search 
coil was also shunted by means of a further condenser to permit 
of that circuit also being tuned to the incoming waves, and this 
search coil circuit was then connected to some form of tube 
receiver and amplifier. 


700000 
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METHOD OF TUNING SYSTEM 

The tuning buzzer was set so as to produce a wave correspond- 
ing to that it was desired to receive. Then having first tuned the 
search coil circuit and receiver to that wave, each loop was tuned 
separately without the second loop being in circuit. 

Following on, the two loop circuits were then brought into 
action with the tuning buzzer still operating, and the radio- 
goniometer search coil was varied until a position was arrived at 
where the two antenna radiogoniometer coils produced no energy 
in the search coil and consequently no signals were heard in the 
receiver. This state of balance was not always effected imme- 
diately, and it was sometimes necessary to vary the final adjust- 
ment condenser shown across the tuning condenser of antenna B. 

Altho it will be seen there are quite a large number of tuning 
adjustments to be made irrespective of the actual detecting and 
amplifying device, it was found that telegraphists readily became 
capable of accurately tuning the whole system very rapidly, 
within a short specified time. However, the method of tuning 
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this whole system is somewhat laborious and is not practical for 
everyday marine direction finding work. 

The description of this early apparatus forms, however, a 
useful basis to work on in the developing of the modern day 
apparatus. 


THEORY OF THE SYSTEM 


Assuming the circuits all to be in resonance and regarding 
merely the oriented antenna system and radiogoniometer, now 
consider the effect of an electromagnetie wave incident on this 
System. (See Figure 2.) 
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FIGURE 2 


Suppose the wave ts arriving in the plane of the antenna loop 
A, then following the usual electrical laws, no current will be 
induced in the antenna loop D which is at 90° to А, and conse- 
quently at 90° to the direction of the path of incoming waves. 

But antenna vl is so disposed as to be able to obtain the maxi- 
mum effect of the Incoming wave and will have a current induced 
In it producing a magnetic field along the evlindrical axis of the A 
antenna сой. The search coil rotating within the two antenna 
coils will have to be rotated to such a position as to be under the 
maximum coupling effect in order to produce a maximum cur- 
rent In its winding. 

Sunilarlv, if the meoming wave is exactly incident with the 
plane of the antenna “Б,” a magnetie field. will only be produced 
along the axis of the antenna сой “Б.” 

Now take the ease of a wave arriving in a direction somewhere 
between the planes of the two antennas, then both antennas and 
their respective cotls will have currents induced in them, the 
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relative strengths of each being dependent upon which of the 
antennas most closely coincides in direction with that of the 
incident wave. 

It will be easily seen from this that the resultant field pro- 
duced by the antenna coils bears exactly the same space relation- 
ship to the axis of thesc antenna coils as the direction of the re- 
ceived wave does to the planes of the antenna loops. 

In order to obtain a maximum current in the search coil, it 
follows that the same must be rotated within the antenna coils 
until the cylindrical axis of the winding of this coil lies along the 
direction of the resultant electrical field produced by the two 
antenna coils. It follows, therefore, that at a position of 90? to 
this maximum position, a minimum or zero current point is 
obtained. 

It is usual for the zero position of the search eoil to be used 
for practical working as it is easier for the human ear to deter- 
mine the minimum signal strength than to observe a maximum. 

As the search coil is rotated thru 366?, it will be found that 
the signals heard in the telephones alternate maximum and mini- 
mum signals 90° apart ;—in other words two maximum and two 
minimum points are given at 180? apart. 

A pointer is fixed to this search coil which moves round a scale 
fixed to the radiogoniometer marked off in degrees, so that the 
direction of the resultant field ean be obtained, and therefore the 
direction of the incident wave relative to the antennas is shown. 

In ship work, of course, the relative directions of the antennas 
to the incident wave are continually varying and consequently 
the course of the ship has to be noted at the time when readings 
on the system are being observed. 


DESCRIPTION OF THE MODERN-DAY MARINE DIRECTION FINDER 


It has already been pointed out that the tuned direction finder 
system offers rather a laborious manipulation if rapid and reliable 
working is required, and consequently a very much simplified 
apparatus embodying the direction finder and amplifier has been 
evolved (Figure 3). 

Two antenna loops are erected and insulated from each other, 
one of which ік rigged accurately fore and aft along the centre 
line of the vessel, and is known as the fore and aft loop, whilst 
the second is erected thwartships and is termed the thwartship 
loop. 

These loops should be constructed to be as large as available 
space permits, having due regard to the local conditions and 
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should be erected as far as possible from ventilators, skylights, 
and other metal obstructions. 

It is very essential that no portion of the loops come nearer 
than 6 feet to such obstructions, otherwise their presence will 
become known by the introduction of errors. Earthed metal 
constructions, if not symmetrically disposed under the loops, are 
also likelv to cause errors if within twelve feet. 

It has been noticed that the turning of a ventilator within the 
12-foot limit has produced a very noticeable error varying with 
the position of the aperture of the ventilator. 

The thwartship loop as a rule runs nearly the full beam of the 
ship, and less than 40 feet in this connection 1s not regarded as 
satisfactory. The fore and aft loop should be constructed so that 


Figure 3— The Marconi Marine Direction Finder Type 11-B 


its area is about three-quarters that of the thwartship loop, for 
reasons which will be discussed later. It is not necessary for 
both loops to be identical with regard to shape, neither is 16 essen- 
tial that they should intersect each other altho this latter condi- 
tion is generally desirable when viewed from a practical erection 
point of view. 


At the time of erection the fore and aft loop is generally not 
made a permanent fixture as it is with this antenna that calibra- 
tion alterations are made. Some typical types of direction finder 
antenna systems for shipboard use are shown in Figures 4 and 5. 
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FIGURE 4 


As a general rule, the leads from these loops are taken to four 
swan-neck insulators which are erected on a wooden spar fitted 
directly under the apex of the whole antenna. The leads from 
these insulators are taken to an outside junction box, each loop 
having its own box. These general external connection arrange- 
ments can be seen in the illustrations referred to above. 

From these outside junction boxes the antennas or active 
system of the direction finder are connected by means of a special 
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FIGURE 5 


pair of cables to two further junction boxes located inside the 
radio room from which direct connection is made to the actual 
radiogoniometer (Figure 6). Тһе cable effecting this junction 
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l'iaURE 6—Connections of Hadiogonimeter. (Inside Wireless Room). 
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is of a special design and is lead-covered and contains two wires 
insulated from each other Бу means of paper insulation which 
reduces the electrical capacity between the two contained wires 
of the cable to an absolute minimum. The actual capacity of this 
cable between the wires for every 100 feet is only 0.0008 mfds. 

The reason for emploving such a cable is to insure that the 
natural wave length of the complete antenna circuits is always 
shorter than the shortest wave it is desired that the radiogoni- 
ometer will have to receive. 

In order to reduce the actual tuning adjustments to a mini- 
mum, these shipboard antennas are used in conjunction with 
a very tightly coupled radiogoniometer (Figure 7). 


FIGURE 7 


This action permits of the two loops being of an untuned or 
practically aperiodic order which are tunable by one condenser А, 
located in the coupled search coil. The actual coupling between 
this circuit and the two loops is somewhere of the order of 80 
percent. 

The goniometer itself consists of the two usual identical an- 
tenna coils disposed at right angles, the mid-points of which are 
earthed thru a static leak to insure of the antennas being pro- 
tected from static discharges. 

The introduction of a long cable connection between the active 
and screened portions of the direction finding system, such as is 
mentioned above, is likely to produce an undesirable electrical 
component which would be exaggerated if the loops were 
grounded directly at the mid-points of the antenna coils, and con- 
sequently a static leak of considerable impedance is inserted. 
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The search coil itself is in turn also duly coupled to the ampli- 
fying system by means of a screened transformer. The screen 
of this transformer is grounded and eliminates the possibility of 
an out-of-balance electrostatic coupling, which is one of the 
causes of the insidious vertical component referred to above. 
This vertical component produces errors in the readings given 
and is due to the loops themselves tending to act as plain aerials . 
instead of as directional frames. 

Figure 7 shows the actual connection of the radiogoniometer 
and screened transformer and readily illustrates the manner in 
which the screen effectively insures that the amplifying system 
responds only to the currents flowing in the search coil circuit. 


AMPLIFYING CiRCUIT 


The amplifying device of this Marconi Bellini-Tosi direction 
finder consists of five stages of radio frequency amplification, a 
detector, and one-stage of audio-frequency amplification. The 
tubes employed in the radio and audio amplifications are the well- 
known Marconi V-24 type, whilst the detector is of the QX 
variety. Тһе working current of the tubes is about 0.7 ampere 
each. 

There is nothing of particular interest in this form of amplifier 
which embodies the usual radio frequency air core transformer 
wound on cylindrical ebonite formers. 


“SENSE” FINDING 


Plotting & polar curve for the current received by a ro- 
tating frame or the search coil of a Bellini-Tosi for every direction 
of the incident wave to such systems results in a “figure of eight," 
or bi-directional diagram. (Figure 8.) 

It can be seen from this diagram that in the direction in which 
signals are at а maximum the receiving power of the antennas 
undergoes a very small change over a considerable angle, whereas 
the same change in angle in the direction in which the signals are 
a minimum gives & very large change in the signal strength, 
illustrating graphically the reason for the reading of minimum 
points when taking bearings. 

This diagram, however, produces two minima and there- 
fore is only useful for indicating the bearing of the incident 
wave from the system and does not denote its actual direction 
of origin. 

To produce this actual direction & uni-directional or cardioid 
diagram is necessary and this can be obtained by combining the 
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effects of a vertical antenna which is equally sensitive to signals 
from all directions, with those of a loop. 

Suppose a loop and a vertical antenna be both coupled to a 
common circuit in such a manner that the current induced in this 
circuit by the incident wave on the vertical antenna is exactly 
equal to that induced in the loop when the plane of that loop lies 
along the direction of propagation and is, therefore, at its opti- 
mum portion of reception. It will be seen that the electromotive 
force induced in the vertical antenna is either in phase ог 180 
degrees out of phase with the electromotive force induced in the 
frame according to the actual direction and consequently the 
two currents will either add or subtract giving one maximum and 
minimum for the whole 360 degrees. This addition and sub- 
traction of currents for the whole rotation gives the cardioid 
diagram shown. 


CURLEIVT DUE TO 
КРОМЕ Ауу76/у/Ұ9 VERTICAL ANTENTIA 


FIGURE 8 


In the actual marine direction finder under discussion the tow 
loops are themselves made to function also as a vertical antenna 
as well as individual loops. This is accomplished by connecting 
the mid-points of the two loops thru a resistance to a tertiary 
winding of the afore-mentioned screened transformer. The re- 
sistance mentioned performs the double function of adjusting the 
phase and also the amplitude of the current. The value of this 
resistance is so chosen as to give the best minimum possible over 
the whole band of wave lengths covered by the transformer and 
its tuning condenser. Actually there is only one wave-length 
where perfect zero balance is obtained. Figure 9 shows the con- 
nections when the apparatus is functioning under this ‘‘sense-. 
finding” arrangement. 
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FIGURE 9 


The sense minimum is never utilized alone in marine working 
as it is not usually sufficiently defined to guarantee accurate 
working and it is therefore used in conjunction with the moie 
pronounced minima of the bi-directional diagram. 

The actual apparatus (see Figure 10) is equipped with a 
switch which enables the operator to use the instrument in either 
the bi- or uni-directional functions which are known as the 
"DF" or “бепве” positions, respectively. There is a third posi- 
tion of this switch, known as the ‘‘Stand-bi’”’ position, when the 
whole system functions purely as а simple receiving circuit and 
is used in searching for signals. 

The complete circuit of this direction finder is shown in 
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Fiaure 10—Two Small Variable Calibrating Chokers Are Omitted for Sake 
of Clearness. (These Are Actually Connected in Each Side of Fore and Aft 
Loop Circuit) 
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ERRORS 
The errors that are likely to be encountered with the Marconi 
Bellini-Tosi marine direction finder can be divided into four 


classes. 
Firstly, those errors associated with the antennas and the 


local external ships' rigging. 
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Secondly, inherent errors in the radiogoniometer instrument. 

Thirdly, errors due to atmospherical conditions, which include 
the well-known sunrise sunset and night effect, and, 

Lastlv, errors due to coastal refraction. 

The former two are governable by mechanical or electrical 
corrections whilst the latter two present а much more difficult 
problem, necessitating the taking of observations under special 
conditions. 


ANTENNA ERRORS 


CALIBRATION ERROR 

In equipping a radio direction finder antenna system on board 
ship, it is not possible to follow the process adopted in the case 
of the basic apparatus described, that is to say, two identical 
oriented receiving loops cannot be utilized. 

The reason for this is due to the fact that the ship itself, being 
of metal construction with all its rigging, can be considered as an 
auxiliary receiving loop, lying in a vertical plane parallel to the 
keel of the vessel. This introduces an artificial loop parallel to 
the fore and aft loop, and therefore electrically coupled to it with 
the resulting mutual induction effect. This effect tends to im- 
prove the reception qualities of the tangible fore and aft loop. 
Naturally it is impossible to erect the loop outside the electrical 
coupling of this fictitious loop furnished by the ship's keel, and 
to overcome this difficulty the thwartship loop has to be made 
considerably larger than that of the fore and aft loop. This latter 
loop has in its electrical circuit two chokes, so that a final calibra- 
tion adjustment can be made to render the reception qualities 
of the two loops equal. 


Loor Tuninc ERROR 

The possibility of a loop tuning error is brought about by the 
fact that the two loops must necessarily be of slightly different 
sizes for reasons mentioned just above, so that the frequency of the 
two circuits regarded as two loops will be different. If one loop 
happens to be in tune with the wave being received and the other 
not, a very large error may result as the current induced in the 
loop that is in tune with that of the incident wave will be very 
much too strong. 

This error, however, will not be present unless the frequency 
of the loops is quite close to that of the received wave. In 
order to overcome this difficulty, the wave lengths of the loops 
are kept well below 450 meters and it is for this reason that the 
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use of the special low capacity cable mentioned above is im- 
perative. 


LACK-OF-SYMMETRY ERROR 


The lack-of-symmetry error is caused by the electrical con- 
stants of the two halves of one loop measured from the apex to 
the mid-point being unequal. If this error is present it will result 
in the antenna coil, which should be giving say a zero current, pro- 
ducing a current which in turn will induce energy in the search 
coil and so introduce an error or tend to make the minima ill- 
defined. 

The causes of this lack of symmetry are two-fold; the first of 
which 1s that due to unequal distribution of any electrical 
dimensions between the two sides of the loop, which result 
in unequal impedance in the two halves measured from the 
apex to the midpoint. This can be corrected by reconstructing 
the loops. 

The second cause is that due to re-radiation from conducting 
portions of the structure and rigging of the ship which may have 
unequal effects upon the two halves of the loop. This is a difficult 
fault to discover and also to eliminate, and requires a careful 
planning of the antenna loops at the time of fitting. 

In fitting а vessel it is essential that both the loops have а 
very pronounced apex so as to eliminate the alteration of the apex 
due to the pitching and rolling of the vessel which would other- 
wise result in the symmetry of the system being destroyed. 


INSTRUMENT ERRORS 
VERTICAL COMPONENT ERROR 


One of the chief errors with regard to the instrument to be 
combatted is that known as the vertical component error. This 
error is brought about by superimposing the stray capacity 
coupling between the antenna coils and the search coils on the 
magnetic coupling. The effect of this stray capacity coupling 
is to distort both positions of zero result of coupling so that the 
two zero readings are not exactly 180 degrees apart, altho the 
line bisecting the angle between the observed zero is at right 
angles to the proper zero due to the magnetic coupling only. The 
presence of this error, however, is detrimental to rapid and ac- 
curate work and can easily be eliminated by the introduction 
of an earth shield between the windings of the transformer con- 
necting the search coil with the tuning condenser, such as is 
described heretofore. 
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QUADRANTAL ERROR 


This second instrument error is due to the fact that the coup- 
ling of the search coil and the antenna coil as a whole is not per- 
fectly constant for all positions of the search coil relative to the 
antenna coils. By employing a search coil with a specially dis- 
posed winding, we can overcome the varying coupling effect so 
that errors due to this effect are no longer experienced in practice. 


Errors DUE TO ATMOSPHERICAL CONDITIONS 
(SUNRISE, SUNSET AND NIGHT EFFECT) 


The taking of bearings by a radiogoniometer during sunrise 
and sunset is not desirable as it is during these periods that the 
well-known Heaviside layer effect 1s very prominent, with the 
result that electromagnetic waves are polarized to a certain ex- 
tent and are tilted to such an angle as to produce a false direc- 
tional effect in the whole system. This effect is also noted some- 
times during the night, and whilst antennas of certain construc- 
tion have been designed to overcome this difficulty it has not 
been possible at the moment to instal them on board ships, owing 
to the very poor receptive qualities of such antennas. 

The usual manner of combating this difficulty is to take 
“large swing" readings during the night period, observing two 
points on the scale of equal sound intensity rather than to work 
to a fine minimum. 

Night effect can be artificially produced by the transmitting 
of signals from an aeroplane carrying a trailing antenna, the 
electromagnetic waves so produced being of a polarized nature 


Coast LINE REFRACTION ERROR 


It has been found by experience that radio bearings are dis- 
torted or thrown out of line if the line joining the transmitting 
station and the receiving direction-finding station cut a coast 
line at an angle of 15 degrees or less or if high land intervenes 
either close to the transmitting or receiving station. 

The refraction of the electromagnetic waves may produce 
an error of as great as five degrees and is nor always constant in 
direction, altho for one particular locality this error for a given 
direction is found not to vary; this error will also alter consider- 
ably for very small changes of position. 

In order to overcome this difficulty, navigators are warned 
to study the contour of the land surrounding the transmitting 
station, the bearings of which it is his desire to observe. 

Special sketch charts are being slowly compiled of localities 
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where such errors are noticed, giving the arcs of good bearings 
observed of the known coast stations; & typical example of such 
a chart is shown in Figure 11. 


CONCLUSION 

In conclusion, it perhaps will not be out of place to detail 
one or two instances showing the use of the marine direction 
finder. 

The S. S. 'Stavangerfjord," proceeding on her first voyage 
from Christiania, after being fitted with а Marconi direction 
finder, received distress signals from the S. S. “Otta,” which was 
drifting helplessly with her rudder-stock broken. From the posi- 
tion sent out by the “Otta,” and accepted without question, it 
appeared she was 275 miles away, and the ‘‘Stavangerfjord”’ 
steered toward the position given. On arriving there, however, 
no trace of the “Otta” could be found, and observations with the 
direction finder indicated that she was sixty miles away. Тһе 
course was altered accordingly, and the information given by the 
direction finder was found to be correct. Meanwhile the salvage 
steamer 'Jason" had been sent out from Bergen to assist the 
“Otta,” and the "Stavengerfjord" stood by. It soon appeared 
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that the “Jason” was steering a wrong course, owing to her in 
ability to take observations by the sun, and the "Stavangerfjord" 
piloted her to the right place by repeated directional observations. 
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During somewhat heavy storms in the North Atlantic the 
Norwegian steamer “Моа” was so badly damaged that she be- 
came practically a wreck, and for thirty-six hours the crew were 
huddled on deck without food. Тһе captain sent out an "SOS" 
message, giving what he believed to be his position, but which 
proved erroneous. At least six vessels diverted their courses in 
an endeavor to render help, but no trace of the “Моа” could be 
found. For some time the British vessel ‘‘Melmore Head" was 
too far away to be of any assistance, but the captain kept in touch 
with what was happening, and when he found the ''Mod's" sig- 
nals getting stronger, he directed the radio operator to ascertain 
her position by means of his direction-finding apparatus. Accord- 
ing to the reading thus obtained, the “Мой” was seventy-eight 
miles away from the position she herself had sent out, and in an 
entirely different direction. The captain of the ‘‘Melmore Head" 
placed his reliance on the direction finder and found it to be cor- 
rect, arriving at the foundering vessel just in time to save twenty- 
three members of the crew before the “Мой” sank. 

The rescue of the crew of the Norwegian steamer ''Ontaneda" 
constituted another triumph for this latest development of 
radio science. А heavy gale had left the “Ontaneda” drifting 
helplessly with broken-down engines and listing at an angle of 
50 degrees іп a heavy sea. Her captain sent out the “SOS” signal 
for help, but in the thick weather he could get no observations 
of sun or stars, and had to estimate his position by dead reckon- 
ing. His calculations proved to be ninety miles out. Several 
vessels went to his assistance and steamed about near the posi- 
tion given without finding a trace of the “Ontaneda,” but the 
У. S. “Fanad Head," by means of her direction-finding apparatus, 
discovered the true position of the vessel. She was nearer to the 
"Fanad Head" than to the ships which had originally steamed 
to her assistance, and the captain of the “Еапаа Head" pro- 
ceeded to the spot where he calculated the “Ontaneda” to be. 
Thus the radio direction proved to be the correct one, and the 
distressed sailors were rescued just in time. . 

Ап instance of the utility of the direction finding apparatus 
installed on board the White Star Liner “Megantic,” is forth- 
coming in the case of the great assistance afforded to that vessel 
in locating the position of the U. S. S. “Charlot,” after the latter 
struck an iceberg in dense fog and requested the ‘‘Megantic’s”’ 
help. The commander relied implicity on the bearings taken, 
and the “Megantic” was only some ten miles distant when the 
"Charlot" advised that help was no longer required. 
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The master of the S. S. “Rosalind” reports that on his way to 
help the distressed steamer “Thyra,” which was drifting rapidly 
before a strong breeze, he ran down to the position given by her, 
but could not find her anywhere. He then tested the direction- 
finding apparatus, called up the “Thyra” and got a bearing, ran 
straight on it, and proved the utility of this piece of apparatus. 
On the day following this incident, in a blizzard, the captain of 
the “Rosalind” directed the S. S. “Eastern Course" to his ship 
by means of the direction finder. 

The salvage of the Norwegian ore-carrying steamer “Саріо” 
was probably due entirely to the fact that its true position was 
plotted by the Marconi direction finder on board the S. S. “Mont- 
clare," when other vessels failed to locate its position from the 
directions sent out by the “Capto” itself. The 'Capto's" wire- 
less distress call, reporting the loss of а rudder and asking for 
assistance, was picked up by “Sachem” when the vessels were 
about 100 miles apart; and the “Sachem” immediately steered in 
the direction given. А heavy gale was raging, and altho the 
“Sachem” searched thoroughly, she could not locate the disabled 
ship until the Canadian Pacific liner **Montclare" determined 
the exact position of the two ships by means of its direction finder, 
and communicated the information to the “Sachem,” which 
then came up with the “Capto.” А tow of 750 miles to St. 
John's, Newfoundland, followed, ten days being taken to weather 
the conditions and reach harbor. 

When on her first voyage with & Marconi radio direction 
finder on board, the Canadian Pacific Steamer “Мебаратпа” гап 
into a dense fog off Belle Isle and was navigated by the aid of 
bearings obtained with the direction finder. 

А case of another kind was that in which the transfer of a sick 
man from one ship to another was materially assisted by the use 
of a Marconi Wireless Direction Finder. On January 10th, when 
1,700 miles west of the Franch coast, there was an accident on 
board the American steamship “Eastern King" апа one of the 
seaman was injured internally. There was no doctor on board, 
and a message was sent out asking for a ship, with a doctor, 
bound for New York. This was answered by the Italian steam- 
ship “Conti Rosso," which was 300 miles away. Steaming 
directly towards each other, the two ships were due to meet at 
midnight, but owing to the heavy sea running, the captains 
mutually decided that it was unsafe to transfer the injured man 
at that time, and it was arranged that the ships should meet at 
7 A. M. In the morning there was a dense fog, but the ‘Conti 
Rosso" was equipped with a Marconi direction finder, and by 
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its use the ships were able to find each other without delay. 
They met at 6.45 A. M., and the sick man was transferred to the 
doctor's care and eventually landed at New York. 


SUMMARY: A description of the circuits, construction, installation, and use 
of the Marconi Bellini-Tosi marine radio direction finder is given. The meth- 
od of determining *''sense"' as well as “Ппе of direction” of a distant station is 
explained. 

The various forms of errors in reading and the methods of reducing or 
eliminating these are discussed. 

The paper concludes with a description of a number of cases where the 
Marconi direction finder has contributed to the safety of life at sea in stormy 
weather. 
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RECENT DEVELOPMENTS IN VACUUM TUBE 
TRANSMITTERS 


By 
В. R. CUMMINGS 


(RADIO ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY, 
SCHENECTADY, New YORK) 


The present paper may be considered as a continuation of 
the one presented before the INSTITUTE on April 4, 1923, by Mr. 
W. R. G. Baker. 

Near the end of Mr. Baker's paper, reference was made to 
a 20-kilowatt transmitter which was then under development. 
I shall begin, therefore, with а description of this transmitter, а 
number of which have been built and installed, going into its 
circuit and design rather in detail, because it is felt that they 
indieate most clearly the present accomplishments in medium 
power vacuum tube transmitters. 

Before discussing this, and other transmitters, however, I 
would call attention to several standard practices which were 
adopted with their development. 

It will be recalled that the majority of tube transmitters built 
prior to 1923 were essentially 'antenna oscillators," that is, no 
intermediate circuit was used. The wave length was established 
by the antenna circuit, and change in wave length by а change 
in the antenna loading with suitable changes in plate and grid 
coupling. 

Such transmitters have been found to be unsuited to some 
classes of service, due to one or the other of the following reasons: 

(a) As the efficiency of tube transmitter circuits in- 
creased, thru subsequent development, and the tube 
efficiency carried well above 50 percent, resulting in an 
approximation to a square wave plate current, it has 
been found necessary to utilize a circuit which would 
suppress the radiation of harmonics from the antenna. 

(b) When used on antennas which are not rigidly secured 
in place, а swaying of the antenna is accompanied by a 

*Presented before THe Імвтітсте oF Rapro ENGINEERS, New York, 
April 2, 1924. Received by the Editor, April 3, 1924. 
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change in the transmitted wave length. This effect is 
aggravated appreciably at the receiving station by the 
low decrement of the continuous wave signals. 
A satisfactory solution to the suppression of harmonic radia- 
tion from the antenna has been found in the “Intermediate Cir- 
cuit" transmitter which, in its elements, is shown in Figure 1. 


FIGURE 1 


The intermediate, or “tank” circuit, as it is commonly called, 
is designed to have a circulating KVA. (kilowatt-amperage) 
many times that of the KW. (kilowatts) in the antenna circuit, 
usually in the order of from 12 to 15 times. It has been found 
that the suppression of harmonics is proportional to some degree 
on the ratio of intermediate circuit KVA. to antenna KW. 

This circuit, when applied, brings us at once to the difficulties 
introduced by the so-called ‘‘drag-loop” effect encountered іп 
intermediate circuit tube transmitters. Considerably more has 
been published abroad than in this country on this phenomenon. 
I will orily include here a statement of the conditions under which 
the ‘‘drag-loop” is encountered. 

If, for test purposes, the intermediate circuit transmitter is 
set up as shown in Figure 2, and an attempt is made to bring the 
secondary circuit into resonance with the primary by increasing 
the capacitance of C2, it will be found that the frequency of the 
transmitter will slightly decrease as resonance is approached, 
and that in the neighborhood of resonance the frequency will 
suddenly change to an appreciably higher value, the extent de- 
pending, among other things, upon the degree of coupling be- 
tween the circuits. Further increase in the capacitance of C; 
will cause а gradual decrease in frequency, which becomes con- 
stant at a value slightly higher than the original frequency. 

This effect is illustrated clearly in Figure 3. 

If C; is now gradually decreased, the sudden change in fre- 
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quency will again be noted, except that this time the change will 
occur at a smaller value of С). The resulting loop is the “агар- 


loop." 


Ce 


FIGURE 2 


It is apparent that at values of C; lying between А and В, 
the circuit will oscillate at either of two frequencies and that 
operation is unstable. It has been found, in attempting to key 
a circuit of this kind, that the frequency set up would be either 
the higher or the lower one. 


FIGURE 3 


The cause of this phenomenon lies in the familiar laws of 
coupled circuits. It is encountered in spark transmitters when 
coupling is too tight, or when the gap does not quench properly, 
and all are familiar with the double hump in the frequency curve 
of such а transmitter. Тһе lower frequency is established when 
the current in the intermediate and secondary circuits are in 
phase, the higher, when they are out of phase. These frequen- 
cies are lower and higher, respectively, than the natural period 
of the intermediate circuit. 

In the vacuum tube transmitter there is no parallel to the 
quenching in а spark transmitter, so that the elimination of the 
drag-loop must depend on other considerations. 
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It has been found that the drag-loop may be eliminated in 
any of the three following ways: 

(a) By having a very high circulating КУА. in the in- 
termediate circuit. "This solution is not economically 
practical. 

(b) By secondary grid coupling, that is, coupling the 
grid to the secondary instead of the intermediate circuit. 

(с) The use of а separately excited oscillator. 

The third method has been adopted in transmitters in which 
an intermediate circuit is used. This has been done, primarily, 
because the separately excited oscillator also is of service in over- 
coming objection (b) to antenna oscillators, that is, the change 
in frequency with changes in antenna constants. 

The separately excited oscillator, or the '*master-oscillator"' 
circuit, asit is more commonly called, has been adopted to hold 
constant output frequency and to facilitate the keying of the 
intermediate circuit transmitter, the intermediate circuit being 
provided, primarily, to suppress harmonie radiation from the 
antenna. 


20-KiLOwATT TRANSMITTERS 

Outstanding among the transmitters which have been de- 
veloped and built during the past year, are the 20-KW. vacuum 
tube transmitters built for the United Fruit Company for instal- 
lation at à number of Central American locations for carrying 
the traffic of the United Fruit Company and the Tropical Radio 


Company. 

Figure 4 shows the location of a number of these stations. 
It will be seen that they form а comprehensive communication 
system. Тһе first three of these equipments have been installed 
and are in operation at Tegucigalpa, Honduras, at New Orleans, 
Lousiana and at Puerto Barrios, Guatemala. Тһе installation 
of the remaining sets is now under way. Installations will also 
be made at Porto Barrios, Managua, and at Almirante. 

The specifications laid out for the performance of these trans- 
mitters made it necessary to include positive means for the sup- 
pression of harmonics, and for maintaining constant frequency 
of output. 

А schematic diagram of the rectifier of this transmitter is 
shown in Figure 5. It has an output of 2 amperes at 15,000 volts 
d. c. A 110- or 220-volt, 3-phase power supply supplies the 
primary of the plate transformer. Тһе secondary is connected 
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FIGURE 4 


double Y with an interphase reactor between the common points 
of the Y's. A model UV-219 kenotron is connected in each leg 
of each secondary winding. Тһе filaments are connected in 
parallel, and the load is taken from & mid point on the filament 
transformer, and a mid point on the interphase reactor. Smooth- 
ing condensers are placed across the output to decrease the ripple. 
These condensers are shunted by resistors, which are used to 
equalize the potential distribution across the condensers. 
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А schematic diagram of the complete transmitter is shown 
in Figure 6. The output of the rectifier is used to supply both 
the master oscillator and power amplifier, the plates of each of 
these tubes being operated at 15,000 volts, and the supply to 
them being thru suitable radio frequency choke coils Lı and Le. 
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FIGURE 6 


The master oscillator operates in а standard Hartley circuit, 
the output of which is fed to an intermediate circuit, the con- 
denser of which is shown at Сі. 

Grid biasing is accomplished by means of a kenotron rectifier, 
the circuit of which will be discussed in more detail later. 

The grid of the power amplifier tube is coupled inductively 
to the coil system of the master oscillator, and is also biased by 
two kenotron rectifiers. 

This method of biasing is of interest, and is shown more 
clearly in Figure 7. 


FIGURE 7 
54 


In this circuit, condensers С, and С; are alternately charged 
thru the kenotron in series with them, and the two condensers 
are in series with respect to the grid. Тһе functioning of the cir- 
cuit may best be understood by considering the rectifiers as 
functioning to keep the condensers C, and C; charged. 

Referring again to Figure 6, the power amplifier operates 
into an intermediate circuit having а capacity Сі, and a vari- 
ometer L; for tuning purposes. This circuit is coupled directly 
to the first down-lead of the multiple tuned antenna. 

Keying is accomplished in the grid circuit of the master 
oscillator by opening and closing a circuit shunting the biasing 
rectifier. When the key is closed, the bias on the grid is con- 
trolled by grid leak R,, but when the key is opened, a bias of 
approximately 2,000 volts is placed on the grid of the master 
oscillator. 

All the equipment, except the outdoor tuning coils and their 
associated switching mechanisms, is installed indoors. The 
transmitters are built to cover a wave length range of from 2,500 
to 4,500 meters. This range has been divided into two bands of 
from 2,500 to 3,300 and from 3,300 to 4,500. It will be noticed 
that in each case the wave length ratio is 1.3:1. Wave lengths 
within either of these bands are obtained by adjustments of the 
master oscillator tank variometer, the power amplifier, grid 
variocoupler, and the power amplifier tank variometer (4). The 
capacity values are not changed. 

When changing from one wave length band to another, 
switches are thrown manually which change the capacitance of 
the master oscillator and power amplifier tank condensers, and 
change the coupling to the antenna tuning coil. During the tests 
of this equipment, it was found that the set gave stable operation 
over the required wave length range with a satisfactory safety 
factor in each direction. 

The equipment, as built, is divided into the following mechani- 
cally independent units: 

Control switchboard. 
Kenotron rectifier. 
Master oscillator panel. 
Power amplifier tube unit. 
Power amplifier tank circuit variometer. 
Power amplifier tank circuit condensers. 
Outdoor wave change and coupling change switches. 
Outdoor tuning coils. 
The power and control equipment consists of the following, 
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assuming that the main power supply is not generated at the 
station. 

Starter and rectifier panel. 

Filament motor generator set. 

Operator's control switches. 

Bias voltage control panel. 

The filament motor generator is supplied primarily as part 
of the filament voltage regulator equipment, and provides means 
whereby a'voltage regulator can effectively maintain constant 
voltage. 

The voltage regulator has been included on a panel with the 
filament generator starting contactors, as illustrated in Fig- 
ure 8. The voltage regulator shown in the glass cabinet to the 
right is of the vibrating type and maintains constant voltage by 
means of a vibrating contact which is actuated by a coil placed 
across the a. c. output of the generator. The vibrating contacts 
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Бооке 8—Starting and Regulating Panel for Use with 
Filament Lighting Motor Generator Set (A. C. Motor 
Driven) for 20 KW. Transmitting Equipments 
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act intermittently on the excitation of the filament generator. 
This regulator will maintain constant filament voltage over 
variationsinsupply voltage of from 95 to 115 volts, oritsequivalent. 

The control board is shown in Figure 9 and consists of the 
necessary instruments, controls, rheostats, and switches for the 
control of the set. Instruments are provided for reading total 
plate current, total power taken from the line, and the voltage 
impressed upon the kenotron, master oscillator, and power ampli- 
fier tube filaments. Two plate overload relays are mounted 
below the instruments, which, in the event of plate overload, 
open the holding coil circuit of the main line contactor, removing 
power from the set. 


FIGURE 9—Service 
Panel for Use with 
20-KW. Transmit- 
une Equi ment. 
ront View 


The switches control the filament supply to the kenotron and 
power amplifier tubes, and rheostats are provided for filament 
voltage control and for plate voltage control. The latter rheostat 
is in series with the field of the power generator in those stations 
which generate their own power. For other stations, power 
change is accomplished by means of a switch, in the primary of 
the plate transformer which has three positions for each phase 
This switch is located in the same housing as the plate transformei 
and is oil immersed. 
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Figures 10 and 11 show more detailed views of the kenotron 
rectifier and its associated equipment. This rectifier is three- 
phase, double Y connected, and utilizes six UV-219 kenotrons. 
At full load the rectifier has an output of 2 amperes at 15,000 
volts, with a ripple of 0.8 percent. At full load the rectifier 
efficiency is 92.7 percent, while the over-all efficiency, including 
filament consumption, is 83.6 percent. Other than the fila- 
ments, the losses in this unit are as follows: 


Plate transformer.................... 1,125 watts 
Interphase transformer............... 100 watts 
Protective resistances................ 313 watts 
Space сһагре........................ 790 watts 
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FicurE 10—Kenotron Rectifier Unit for Use with 20-KW. 
Transmitting Equipment, Side View 


This rectifier wae grven, among other tests, a heat run at full 
load for 12/5 hours continuous operation, after which the maxi- 
mum temperature rise in any of its parts was 48? C. 

Referring to Figures 10 and 11, the plate transformer is shown 
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at the bottom of the rectifier, and in the rear of it the filament 
transformer for the kenotron tubes. 

The large tank on the superstructure is the interphase trans- 
former. In the rear of the interphase transformer on the super- 
structure are mounted the smoothing condensers and protective 
resistors. No controls are provided in this assembly, all of them 
being located on the service panel. On the superstructure (Fig- 
ure 10), can be seen the small plate transformer, filament trans- 
formers, and model UV-217 rectifiers used for biasing the power 
amplifier grid. 


FicvRE 11—Kenotron Rectifier Unit (20-IKW. ''ransmit- 
ting Equipment) 


The resistances mounted across the smoothing contactors 
serve three purposes: 
(a) Ав protective resistors to equalize the potential drop 
across the smoothing condensers. 
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FicvnE 12—Master Oscillator for Use with 20-KW. Transmitting 
Equipment, Front View 


(b) As a “dummy load" on the rectifier to improve its 
regulation. 
(c) As a voltmeter multiplier. 


The plate voltmeter is mounted on the insulator as shown 
on the top of Figure 11, and is in reality an ammeter con- 
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nected in series with the protective resistors, calibrated in 
volts. ' 

Figures 12 and 13 indicate two views of the master oscillator 
assembly. The 1-kilowatt tube may be seen in Figure 13 mounted 
in the rear of the main panel protected by a mesh screen. 

In the rear of the main panel is located the coil system of the 
master oscillator. The two rotors in this structure are provided 
for adjusting the wave length of the master oscillator, and adjust- 
ing the coupling between the master oscillator and the grid of the 
power amplifier. 
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FicvnE 13—Master Oscillator for Use with 20-KW. Transmitting 
Equipment, Side View 


The switches shown on the superstructure are provided for 
wave length change, and are used when throwing from one wave 
length band to the other. 

In the upper right hand corner of the panel is mounted the 
keying relay, which is operated by a Morse key on the operator's 
table. Тһе superstructure also contains the master oscillator 
tank condensers and plate choke coils. 


61 


The ammeter mounted above the panel on a porcelain insu- 
lator indicates the radio frequency current of the tank circuit of 
the master oscillator. The voltmeter on the panel indicates the 
voltage impressed on the master tube filament. 

The contactors of the relay in the middle panel are connected 
in the ground lead to the filament transformer, in which position 
they protect the master oscillator tube from overload by opening 
the holding coil circuit of the main line contactor. Тһе model 
UV-216 kenotron, which is used for providing bias for the master 
oscillator tube, can be seen on the sub-panel of Figure 13, to- 
gether with its associated transformer. 
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Figure 14—20-KW. (Radiotron UV-207) Water Cooled 
Tube Unit (Side View) 
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Figures 14 and 15 show front and rear views of the power 
amplifier tube and its associated cooling system and equipment. 
Figure 15 shows one of these tubes being lowered into the water 
jacket which forms part of the water cooling system. 


Ғісунке 15—20-KW. (Radiotron UV-207) Water Cooled 
Tube Unit 


This unit has been standardized upon for use with sets utiliz- 
ing 20-kilowatt pliotrons, and has been supplied with various 
equipments other than those under discussion. 

Since the anode of the pliotron is at a potential of 15,000 
volts d. c. above ground in addition to the a. c. plate voltage, 
it is necessary to insulate the entire cooling system from ground 
for this voltage. For this reason the bed plate is substantially 
insulated from ground as shown in Figures 14 and 15. The cir- 
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culating system consists of a motor-driven pump, the water 
jacket of the tube, а radiator for cooling purposes, and necessary 
pipe work. Associated with the system is a flow indicator, a dial 
thermometer and a sight gauge on the radiator. Тһе pump motor 
is also used to drive a cooling fan in the rear of the radiator. The 
motor and its associated circuit is insulated from the potential 
of the remainder of the cooling system by porcelain insulators 
shown in these figures, and by an insulating coupling between 
the motor and pump, which can be most clearly seen in Figure 14. 

When removing а tube from its water jacket, the lever shown 
slightly above the coupling in Figure 15 is thrown which closes 
the inlet and outlet of the water system to the cooling jacket and 
also operates an auxiliary contact removing power from the set. 

The cooling system as designed will dissipate 16 kilowatts, 
with a temperature rise of 15 degrees. It is imperative that the 
cooling water be not allowed to approach the boiling point, under 
which conditions the anode of the tube would not be completely 
in contact with the cooling water and hot spots would develop. 

The system is also laid out so that it can be operated on the 
thermo-syphon principle, at reduced power. This provision was 
made to provide against any possible failure of the artificial cool- 
ing system. А by-pass is provided for the pump when so operated. 

The superstructure shown in these figures contains the power 
amplifier, filament transformer, the plate-blocking condenser, 
grid leaks, and by-pass condensers. 

High potential tests on the cooling unit show that it is 
capable of withstanding a potential of approximately 60,000 
volts without flash-over. 

The tank condensers for the power amplifier are shown in 
Figure 16. These condensers have capacitances, respectively, 
of 0.0021 and 0.0032 microfarads, and a power factor of approxi- 
mately 0.03 percent. They will withstand a potential of 22,000 
volts without flash-over. "Their design is a flexible one and it is 
possible to build up condensers of this type with any number 
of plates, depending upon the requirements of the circuit. 

Figure 17 shows one of the tuning coils built for outdoor in- 
stallation. The concrete base on which these coils are mounted 
is built by the customer at the time of installation. These coils 
are wound with litzendraht conductor on porcelain forms. 

Metal supports are provided at the base of the coil structure, 
which are broken by insulators to minimize losses. No terminals 
or taps are provided on these coils when built, the location of such 
taps being experimentally determined when the sets are installed, 
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at which time connections are made by suitably connecting taps 
for the various wave lengths. 

Figure 18 shows the solenoid-operated high voltage discon- 
necting switch, six of which are used in each installation. Four 
are located at the first outdoor tuning coil, two for wave change 
and two for coupling change. Two are located at the second 
tuning coil for wave change. These. switches are not in them- 
selves suitable for outdoor mounting, but are mounted inside 
of protective housings erected at, the tuning coils. 
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Ғісоне 16—High Voltage Air Condensers 


Figure 19 indicates the power amplifier tank circuit vari- 
ometer. On this panel are mounted an ammeter indicating the 
current in the amplifier tank circuit, and a radio frequency 
ammeter indicating the current in the first down-lead. The 
latter instrument is operated from a thermo-couple located in 
the secondary of a radio frequency transformer, the primary of 
which is in the ground connection. 

The switches in the lower right hand corner of this panel are 
provided for operating the outdoor switches of the tuning coils 
for wave length change. Two signal lamps are included, one 
above and one below these switches, to indicate the position 
of the outdoor contactors. The outdoor switches have asso- 
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Fiaure 17— Tuning Coil for United Fruit Company, Radio 
Equipment 


Fiaure 18—High Voltage Disconnecting Switch 
(Solenoid Operated), 25,000 Volts 
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ciated with them an auxiliary contact, which closes when the 
switch is in the closed position. Each of the signal lamps on this 
panel is in series with these auxiliary contacts on the outdoor 
switches so that positive indication 1s given in the station that 
all the outdoor switches have properly functioned when wave 
length is changed. 


Fiaure 19—Intermediate Circuit Vari- 
ometer, Front View 


Figure 20 shows the operator’s control panel, which is mounted 
on the operator’s table and which includes all controls necessary 
for the normal operation of the set. The controls are operated 
in the sequence shown; power supply is connected by means of 
the plate contactor; the filament circuits are closed by the second 
contactor and the filament motor-generator set is started with 
the third contactor. The signal light at the top of this panel 
gives positive indication that the set is functioning. 


Figure 21 illustrates the installation of one of these trans- 
mitters at New Orleans. This photograph illustrates the com- 
plete equipment, except for the filament motor-generator set 
and the outdoor coils and switches. The power amplifier tube 
unit is, unfortunately, not clearly visible in this picture. 

Figure 21-A illustrates the installation of one of the outdoor 
tuning coils. The switches for wave change and coupling change 
are mounted in the housing shown to the right. 


PLATE 


ғ 


Ё MOT-GFN 4 


cc g 


Figure 20—Operators’ Con- 
trol for Use with 20-KW. 
Transmitting Equipment 


FIGURE 21 
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Complete reports are not available on the distances covered 
by thsee sets, altho the following results, obtained during pre- 
liminary tests, are of interest. 


FIGURE 21-A 


With the set at Tegucigalpa operating at medium power, and 
putting approximately 10 kilowatts into the antenna, average 
signals at New Orleans, a distance of 1,100 miles (1,780 km.), 
has an audibility of 400, daylight, and 700 night. At New York, 
a distance of 2,000 miles (3,200 km.), the average audibilities 
were 200 day and 600 night. 

With 20-kilowatt input into the antenna at New Orleans, 
audibilities at Boston, Massachusetts, were reported in excess of 
10,000. 


10-KiLowATT SIGNAL Corps TRANSMITTER 


А 10-kilowatt telegraph transmitter has been built for the 
United States Signal Corps, which, while resembling the 20- 
kilowatt sets in many respects, has sufficient points of difference 
to warrant discussion. This transmitter is now installed in ser- 
vice at Fort Douglas, Utah. Тһе circuit is substantially the 
same as that of the 20-kilowatt transmitters, altho the set differs 
fundamentally from the 20-kilowatt in the following points: 

(a) The wave length range is 1,500 to 3,500 meters. 

(b) Group wave change switches are provided. 

(c) The characteristics of the power supply were such 
that no automatic filament voltage regulation was 
required. 

(d) The set is designed to operate on a single tuned 
antenna. 
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The difference in the rating of these transmitters is mostly 
noticeable in the output of the rectifier. Тһе rectifier for the 
10-kilowatt transmitters, which is illustrated in Figure 22, gives 
an output of 21.6 kilowatts at 15,000 volts d. c., with & ripple of 
approximately 1 percent. It utilizes six model UV-218 kenotrons 
in & 3-phase, double Y rectifier, with an interphase transformer. 
the over-all efficiency of the rectifier, including filament con- 
sumption, is 81.2 percent. Power change is accomplished by 
taps on a switch in the plate transformer, giving plate voltage of 
6,900, 10,700, and 15,000, respectively. The handle of this 
switch can be seen in the rear of the cover of the plate transformer, 
in Figure 22. 

The master oscillator of this transmitter, shown in Figures 
23 and 24, duplicates that of the 20-kilowatt transmitters, ex- 
cept that the coil system has been located externally, and its 


Еісове 22—Kenotron Rectifier Unit (Signal Corps) Type 
RA-6 
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place taken by a three-bank wave change switch of novel con- 


struction. 
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Figure 23—Master Oscillator Unit (Signal Corps) Type VO-2 (Front View) 
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Figure 25 shows the master oscillator coil system as an inde- 
pendent unit; the upper variometer varying the inductance of 
the intermediate circuit, and the lower one varying the excita- 
tion of the grid of the power amplifier. 


FicuRE 24— Master Oscillator Unit (Signal Corps) Type ID-9 (Rear View) 


Figure 26 shows the wave change switch for the power am- 
plifier and antenna, the largest bank in the rear of the switch 
being used to change the antenna loading. These wave change 
switches have been found to be extremely substantial mechani- 
cally, and are of a type which will probably be used in future sets 
requiring quick change in wave length. 
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Figure 27 shows the front of the same switch. The operating 
handle is so constructed that, when depressed, the switch is 
locked in position at the desired wave length. This panel also 
includes meters indicating antenna current and the intermediate 
circuit current of the power amplifier. 


Ғіауне 25— Master Oscillator Inductance (Signal Corps) 
Type ID-9 


The loading coils for the antenna are shown in Figure 28. 
They are wound on treated wood supports to minimize losses. 
Figure 29 shows the power amplifier intermediate circuit con- 
denser, of the same type as those used in the 20-kilowatt trans- 
mitters, altho differing in the assembly. This condenser is rated 
at 22,000 volts. The three sections have capacitances, respect 
tively, of 0.0005, 0.0008, and 0.0012 microfarads. With these 
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three values of capacitance, combinations can be used for the 
five wave lengths as follows: 


Wave change number 1............ 0.0012 microfarads 
Wave change number 2............ 0.0013 microfarads 
Wave change number 3............ 0.0017 microfarads 
Wave change number 4............ 0.0020 microfarads 
Wave change number 5............ 0.0025 microfarads 


FiagunE 26—Wave Change Switch (Signal Corps) Type 
SW-83 (Side View) 


The changes in connections to accomplish these capacitance 
steps are made by the power amplifier wave change switch. 

The efficiency of this complete transmitter, based on the in- 
put from the line and the input in the antenna, including all 
filament consumption, is 56.5 percent at 1,700 meters. 

Figure 30 is shown as a matter of interest to indicate the 
wiring on the service panel of one of the medium power trans- 
mitters. All wiring on these panels 1s of lead-covered conductor, 
to provide adequate shielding. The Radio Department has 
adopted the practice of photographing the first panel to be 
wired, and then using such photographs in the wiring of dupli- 
cate equipments. This procedure has been found much more 
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efficient than the previous practice of making actual drawings 
of the wiring. i 

Figure 31 is another photograph taken primarily for wiring 
purposes. 


Ғіссне 27—Wave Change Switch (Signal Corps) Туре 
SW-83 (Front View) 


In connection with the development of the transmitters first 
described, investigations were made to secure data upon which 
to base closer computation of the predicted performance of trans- 
formers and reactors, particularly filter and modulation reactors, 
An accurate, economical design of such reactors which carry an 
alternating current superimposed on a direct current, has been 


made possible by careful investigation of "incremental" and 
“decremental” permeability. These investigations have brought 
to light much useful data for the design of this equipment which 
was not hitherto available, and it is hoped that the results of the 
tests will be made the subject of a separate paper. 


FIGURE 28—Antenna Loading Coils (Signal 
Corps) ID-6 and ID-7 


Fiagure 29—Inter- 

mediate Circuit 

Condensers (Signal 
Corps) 


KEYING CIRCUIT 
After a considerable amount of development work and ser- 
vice tests with various types of keying circuits, the one shown 
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in Figure 35 has been adopted for low power vacuum tube 
telegraph transmitters. This figure shows the essential elements 
of the keying circuit without reference to the oscillating circuits. 
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FIGURE 30 — Ser- FiGvnRE 31—Service Panel 20- 
vice Panel, 10-KW. KW. Telegraph Set (End View 
Telegraph Set Showing Wiring) 
(Back View Show- 

ing Wiring) 


FIGURE 35 | 


The filaments are grounded as usual. The grid, or grids of 
the tubes, are returned to the negative side of the high voltage 
supply with suitable grid leak resistors. Тһе key is placed be- 
tween the negative side of the high voltage supply and ground, 
and is shunted by a condenser C and a resistance №. Тһе func- 
tion of the condenser is merely to absorb sparking at the key 
contacts. The function of the resistance Rz is to place a definite 
bias on the grids of the tubes when the key is up. In this posi- 
tion à small current, in the order of several milliamperes, flows 
thru resistance AK», placing a bias of several hundred volts on 
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the grids of the tubes, resulting in а very positive keying system. 
This circuit is utilized in the majority of the medium power 
transmitters about to be described. 


SCR-136 Моге Pack TRANSMITTER 


The manufacture of à vacuum tube mule pack transmitter 
was completed for the United States Signal Corps. The prelim- 
inary development of this transmitter was carried on by the Signal 
Corps at Camp Alfred Vail, New Jersey, and the further develop- 
ment and design was fundamentally the carrying out of the work 
which was started there. 

The building of this set incidentally included the develop- 
ment of а gas engine driven generator, which is illustrated іп 
Figure 36. This figure illustrates the power equipment in its 
carrying position, in which the generator is mounted apart: from 
the: gas engine. 


Figure 36—Mule Pack Power Unit for United States 
Signal Corps 


The gas engine is а 416 horse-power unit, and weighs 64 
pounds (29 kg.). It is equipped with a governor, which provides 
5 percent regulation from no load to full load. The engine runs 
at a speed of 2,500 revolutions per minute, and drives the gen- 
erator directly at that speed. 

The complete power equipment shown in this figure, in- 
cluding the gas engine, generator, gasoline tank, gasoline and 
tool box, weighs 250 pounds (118 kg.). 

The generator, under full load, delivers 0.6 amperes at 900 
volts, and 15 amperes at 11 volts. The power unit is rated at 
one hour’s continuous operation. 
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Figure 37 shows the gas engine-generator unit assembled for 
operation. Тһе coupling between the generator and the gas 
engine is accomplished by a single thumb-screw. The power 
equipment is of course removed from the mule's back for oper- 
ation. 


FiaurE 37—Mule Pack Power Unit for 
United States Signal Corps 


The transmitter is completely housed in à weather-proof case 
for transportation, and provided with & vent in the top of the 
cabinet, which is closed in this condition. 

Figure 39 shows the transmitter in operating condition. The 
vent in the cover automatically opens when the cover of the 
transmitter is lowered. Тһе vent was found to be essential to 
assist the dissipation of heat generated by the tubes. 

The weight of the transmitter unit alone is 431% pounds 
(19.8 kg.). The containing case weighs 40 pounds (18.2 kg.), 
making a total weight of 8315 pounds (38 kg.). А circuit dia- 
gram of this transmitter is shown in Figure 40. It utilizes four 
50-watt tubes; one as а master oscillator, one as а speech ampli- 
fier, one as а modulator, and one as а power amplifier. 

The master oscillator tube is used in & Colpitts circuit, the 
wave length of which is controlled for the entire wave length range 
of the set by means of variometer Гл. The master oscillator is 
coupled to the grid of the power amplifier by means of the con- 
denser C,. The grids of the power amplifier and the modulator 
tubes are biased by means of а potentiometer, № in the grid 
circuit of the power amplifier tube. Coupling between the 
speech amplifier and the modulator is accomplished by an iron 
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Бісеке 39 —Mule Pack Set Radio Transinitter-Tv pe SCR-136 ‘Front View 
Open! 
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The transmitter is built for operation on telephone, continu- 
ous wave telegraph, and tone telegraph. Connections for the 
latter are not shown in the accompanying diagram, but they 
consist simply in the substitution of a small alternator for the 
microphone transformer. This alternator is of special construc- 
tion, and is driven by a 6-volt battery. А rheostat in its field 
permits a selection of any one of five tones. 


SCR-132 TRANSMITTER 


A second transmitter, known as the SCR-132, was built 
in co-operation with the Signal Corps Laboratory at Camp 
Alfred Vail, New Jersey. Тһе circuit, as used, was established 
fundamentally by the Signal Corps Laboratory. 

The circuit of this transmitter is shown in Figure 41. It 
utilizes a total of seven tubes; three model UV-204-A (VT-22), 
and four Model UV-211 (VT-4-B). One of the latter is used as 
a master oscillator, two as speech amplifiers and one as an in- 
termediate amplifier. Two of the former are used as modulators 
and one as a power amplifier. 
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Ғісгне 41—Schematic Diagrams of Connections Radio Transmitter ВС-127 
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А Colpitts circuit is used for the master oscillator. Тһе com- 
plate wave length range of the set, from 840 to 1,930 meters, is 
covered by the single variometer in this circuit. 

In this, as well as in other medium power transmitters, the 
Colpitts circuit has been used for the master oscillator for two 
fundamental reasons: firstly, because of the mechanical sim- 
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plicity of constructing a variometer as compared to variable air 
condensers, and secondly, because of the fact that the circulating 
KV A. in the Colpitts circuit increases with increase in frequency, 
which is conducive to stable operation. 

The power amplifier received its grid excitation thru a capa- 
city coupling C, to the plates of the intermediate power amplifier. 
Power is delivered to the antenna circuit from the plate of the 
power amplifier by means of a closely coupled antenna trans- 
former. Sufficient reactance exists in the plate winding of this 
transformer to limit the power amplifier d. c. plate current when 
the antenna circuit is detuned or open. Audio modulation is 
obtained by two speech amplifiers and two modulating tubes, 
operating in & modified Heising circuit. 

The intermediate power amplifier is provided more as a means 
to insure constant frequency than to provide additional ampli- 
fication. The output of the master oscillator would be sufficient 
to excite the grid of the power amplifier, altho the load would be 
such that the frequency would not be constant, particularly in 
view of the tight coupling in the antenna transformer. 

The plates of the 50-watt tubes are operated at 1,000 volts 
thru suitable radio frequency chokes. Тһе plates of the modu- 
lator and power amplifier tubes are operated at 2,000 volts. 

To obtain tone telegraph, а small alternator is put in circuit 
in place of the microphone transformer. 

Keying is accomplished by opening and closing the ground 
connection to the grids of the master oscillator, the intermediate 
amplifier, and the power amplifier tubes. 

The equipment is portable and is shown in Figure 42 in its 
carrying conditions. The arms provided for carrying are utilized 
as legs when the equipment is put into operation as shown in 


Ficure 42—400-Watt Portable Radio 
Transmitter SCR-132 (Closed for 
Transportation) 
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Figure 43. The lower half of the cover forms a desk for the oper- 
ator, and the upper half a partial shield against the elements. 


FiGURE 43—400-Watt Portable Radio Trans- 
mitter SCR-132 (Front View) 


Figures 44 and 45 show end and rear views of the transmitter. 
Provision is made so that the transmitter may be remotely 
controlled for either telegraph or telephone communication. 
Transfer to remote control is made by means of a switch on the 
transmitter panel. 


Post OFFICE AIRCRAFT EQUIPMENT 


For installation on the planes of the Air Mail Service of the 
Post Office Department, there has been built a complete radio 
transmitting and receiving equipment. The design of this equip- 
ment includes many mechanical features, making the equipment 
extremely rugged and simple to operate. 

The transmitter utilizes a total of six Model UV-203 50-watt 
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radiotrons; one as a master oscillator, one as a speech amplifier, 
two in parallel as modulators, and two in parallel as power am- 
plifiers. Тһе normal continuous-wave output of the transmitter 
Is 150 watts. 

The transmitter has a wave length range of from 190 to 290 
meters. 


FiGvRE 44—400-W att. Portable Radio Trans- 
mitter SCR-132 (Left Side Panel Removed) 


Figure 46 shows schematically the circuit utilized in. the 
transmitter. The master oscillator circuit is of the Colpitts type. 
With this arrangement, a calibrated variometer in the master 
oscillator circuit is set at the desired wave length. The antenna 
circuit is then tuned by the antenna variometer. This method 
of tuning Is extremely simple and no skill is required to secure 
maximum output. Failure accurately to tune the transmitter 
removes load from the tubes. 

The output of the microphone is used to actuate the speech 
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amplifier. These tubes operate as а resistance-coupled amplifier 
and are coupled to the grids of the modulator tubes. 


FiGURE 45—400-Watt Portable Radio Trans- 
mitter SCR-132 (Rear Panel Removed) 


The power for the equipment is obtained from a dynamotor. 
This dynamotor has an output of 0.65 amperes at 1,000 volts, and 
is operated from a storage battery. The transmitter proper is 
divided into two units, that is, the transmitter proper and the 
control unit. The transmitter, which is shown in Figure 48, 
has only a single control, that is, the variometer in the master 
oscillator circuit. The assembly is supported on a duralumin 
frame, with a panel of insulating material. The tube sockets are 
rigidly mounted on the upper side of the transmitter. When 
installed, the unit is supported by eight straps and helical springs, 
the latter acting as a cushion to protect the tubes from vibration 
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and shock. Where space for installation is limited, the trans- 
mitter may be mounted back of the operator or out of sight, 
since the controls are mounted in a separate unit. 

The control unit, illustrated in Figure 49, is designed with 
the intention of mounting it under the pilot's seat in the average 
installation. It contains a send-receive switch and the antenna 
variometer. Тһе send-receive switch is operated by a substantial 
vertical handle and performs the following functions: 

(a) Starts and stops the dynamotor. 

(b) Transfers the antenna from transmitter to receiver. 

(c) Opens and closes the filament circuits of the trans- 
mitter and receiver. 

(d) ^ Controls the keying circuit. 
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Ғісоне 46—Schematic Diagram of Connections, Post Office Aircraft Receiver 
Unit 


The antenna variometer, in series with the antenna, has 
sufficient range to tune the antenna circuit to any wave length 
covered by the master oscillator. 

А telephone jack is included in the control unit, making a 
convenient connection for the operator's microphone. 

А new antenna reel has been designed for this equipment, 
and is illustrated in Figure 50. Тһе operator may release the 
handle of this reel at any time, and it will lock in place automati- 
cally. This prevents the loss of the antenna, which sometimes 
occurs with reels of other types that require a clamp and knob 
to hold them in place. 


The receiver supplied with this equipment, which is illustrated 
in Figure 51, is of the super-heterodyne type, having the same 
wave length range as the transmitter. The inherent selectivity 
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Figure 48—Radio Transmitter for Air Figure 49—Radio Control 
Mail Plane (Front View) Box for Air Mail Plane 


of this receiver, together with the practical elimination of engine 
noises by the use of several stages of radio frequency amplifica- 
tion, make the receiver well adapted to aircraft use. The re- 
ceiver utilizes a total of seven UV-199 radiotrons as follows: 

1 Radio frequency oscillator. 

1 Radio frequency detector. 

3 Stages of intermediate frequency amplification. 

1 Stage of audio frequency amplification. 

Its circuit is shown schematically in Figure 52. 


Ficure 50—Antenna Reel and “Fish” for Air Mail Plane 
87 


Installation of this equipment for service tests on а plane of 
the Air Mail Service, is shown in Figure 53. 

The transmitter is installed in the fusilage back of the oper- 
ator. In this picture the top of the fusilage has been removed. 

The receiver and antenna relay can be distinguished in the 
front of the operator, the former being installed under the con- 
trol board of the plane. The control unit is mounted under the 
operator's seat, and is not easily seen in this photograph. 


^ 


22 FiavnE 51—Radio Receiver—Air Mail Plane (Disassembled) 

'The service tests of this equipment have been very encourag- 
ing. The set has been operated by pilots with no previous ex- 
perience in radio, and distances have been covered far in excess 
of the requirements of the set. 'The transmitter was required 
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FiaurE 52—Schematic Diagram of Connections, Post Office Aircraft Receiver 
Unit 
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to have а range of 100 miles (160 km.) under specified conditions. 
This range was exceeded in the first service flight between 
Schenectady and New York, a distance of approximately 150 
miles (240 km.), during which very satisfactory communication 
was maintained thruout. 


FicvRE 53—Radio Installation of Air Mail Plane, Showing Trans- 
mitter Receiver, Reel and Control Box 


SELF-RECTIFYING TRANSMITTERS 


Two types of transmitters have been produced, utilizing the 
so-called ‘‘self-rectifying circuit," that is, an a. c. plate supply 
is fed directly to the plates of the oscillating tubes, resulting in 
a continuous wave output, modulated at a frequency of 1,000 
cycles. 

The first of these is a “fog signal" transmitter, developed and 
designed for the United States Department of Commerce, 
Bureau of Lighthouses, for use on light ships and at shore sta- 
tions, to enable ships to take radio compass bearings. 
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The design of this equipment was influenced by it being re- 
quired that as much as possible of the spark transmitters used 
at present for this purpose be utilized in the tube transmitters. 
Also, it was necessary that the circuit used be one of extreme 
simplicity and reliability. 

The circuit used for this transmitter is shown in Figure 54. 
It utilizes 2 UV-204-A tubes in a self-rectifying Hartley circuit, 
giving a continuous wave output modulated at 1,000 cycles. A 
separate machine is used to obtain filament supply, due to the 
poor regulation of the spark alternator which is used for plate 
supply, and also to introduce а frequency difference between 
the filament and plate supplies, thereby insuring longer filament 
life incident to а.с. filament heating. This practice has been 
adopted after full consideration was given to voltage regulating 
equipment which would permit filament illumination from the 
plate alternator. 
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Ап intermediate етеш is used for the suppression of har- 
monies, since the primary object of the set is to eliminate the 
interference now being experienced: with spark sets. 

The keying equipment formerly used with the spark sets is 
utilized, operating in the primary of the plate transformer. The 
keying Is automatic. 

The transmitter is shown in Figures 55 and 56. The power 
input and power control eircuits are brought out on a terminal 
board mounted back of a door on the lower section of the panel. 
This terminal board contains the main line contactor and the 
motor starting contactor. 
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This set is extremely simple in construction, due primarily 
to its being built for a very narrow wave length band, and for 
continuous wave telegraph transmission only. Тһе plate trans- 
former and the converter for filament supply are located at the 
bottom of the structure as shown in Figure 56. Тһе tubes are 
mounted on a shock-absorbing mounting and are visible from the 
front of the panel. А lock is provided for the antenna vario- 
ometer. 


FiGvnE 55— Radio Fog Signal Tube Transmitter 


А second transmitter, designed to utilize existing spark equip- 
ment, is shown in Figure 57, in which the “tube attachment,” 
as it is called, is shown mounted aside of a 2-kilowatt type P-8 
Marconi spark transmitter. Тһе design is such that the tube 
attachment lines up with the spark set. 

The circuit for this transmitter is practically identical with 
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that of the fog signal transmitter just described. It also utilizes 
two Model UV-204-A tubes, in a self-rectifying circuit, and re- 
ceives its power from the alternator of the spark transmitter. The 
set covers a wavelength range of from 2,000 to 2,400 meters. A 
transfer switch is included in the rear of the set, operated from 
the front of the panel, which transfers the power supply from the 
spark to the tube attachment. Plugs are provided at the top of 
the panel to transfer the antenna from the spark set to the tube 
attachment, and to select taps on the loading inductance of the 
latter. Figure 58 shows another view of the tube attachment, 
indicating its structure more clearly. 


BROADCASTING EQUIPMENT 


It is not intended to take up a discussion of broadcasting 
equipment as such, in this paper, altho it is believed that a brief 
description of the recent equipment installed by the General 
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Electric Company at Oakland, California, and known as Station 
KGO, will be of interest. 
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FIGURE 57 —Vacuum Tube Transmitter Attachment for Use 
with Spark Transmitters 


The transmitter at KGO operates from a 220-volt, 3-phase, 
60-cycle power supply. The main power panel for the station 
is shown in Figure 59. This panel contains the equipment 
necessary for the control distribution of power, and the necessary 
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motors, transformers and other apparatus. The power panel 
consists of four slate switchboard units. Controls and meters аге 
provided for the excitation of generators. the operation of control 
circuits, kenotron filament supply, radiotron filament supply, 
modulator, and power amplifier units. Controls are also pro- 
vided for the distribution of the power supply to the various 
amplifiers. 


Ficure 58— Vacuum Tube Transmitter 
Attachment for Use with Spark Trans- 
metters 


Figure 60 shows a rear view of the same panel. 

А plate transformer is used to step up the supply voltage 
to the operating voltage of the kenotron rectifier. Тһе kenotron 
rectifier, with its associated filtering circuit, is shown in Figure 
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Ficure 59—Power Control Panels (Front View) 
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FIGURE 60 


63. This rectifier provides а 15,000-volt direct current supply, 
with a ripple of less than one-tenth of one percent. Ап auto 
transformer is supplied with the rectifying equipment to provide 
a variation in output voltage, from 4,000 to 15,000 volts. A rear 
view of the rectifier is shown in Figure 64. It will be noticed 
that smoothing condensers are supplied considerably in excess of 
those required for commercial telegraph or telephone communi- 
cation. 


FicunE 63—Kenotron Rectifier Unit 


Figure 65 represents the “grid tuning unit." This unit, as is 
indicated in the photograph, is carefully shielded, inasmuch as 
its circuits are depended upon for maintaining constant fre- 
quency of output. This unit is designed to permit extremely 
close adjustment. 


Figure 64—Kenotron Rectifier Unit 


The oscillator tuning unit is shown in Figure 66. The rear 
view of this unit is shown in Figure 67. This unit provides an 
intermediate circuit which eliminates harmonic rediation from 
the antenna, and in addition, includes the transformer for 
coupling to the antenna. The edgewise wound coils mounted 
vertically, indicate the coupling transformer. The coil to the 
left is pivoted on the periphery, and coupling is varied by a con- 
trol located on the front of the panel. 

The control room equipment consists chiefly of three ampli- 
fier and control banks. Тһе first of these, shown in Figure 68, 
is the 5-watt microphone amplifier bank, containing the various 
low-powered amplifiers for the pick-up devices used in the studio. 
Means are provided whereby any pick-up device can be switched 
to the desired group of amplifiers. А rear view of the 5-watt 
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amplifier bank is shown in Figure 69. Тһе structure is com- 
posed of а number of sub-assemblies, any {of which can be 
readily removed from the main structure for inspection or repair. 
Each section is completely shielded. 


Кісене 65—Grid Tuning Unit (Front 
View) 


The output of the microphone amplifier bank is carried to 
the 50-watt intermediate amplifier bank shown in Figure 70. 
The amplifiers in this bank are arranged so that they may be 
switched rapidly to prevent any interruption in the program. 
Figure 71 shows a rear view of this panel. Figure 72 illustrates 
the monitoring control bank, and among other things, this as- 
sembly contains the time signal receiver, radio receivers for 
checking quality, an antenna power indicator, and the various 
selector relays. From this bank, the circuit passes underground 
to the power station. А rear view of this panel is shown in 
Figure 73. 
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Batteries are provided for the filament and plate supply of 
the amplifier tubes, to insure freedom from commutator ripple. 
À common control panel, illustrated in Figure 74, is supplied 
for charging all batteries associated with the station. 


FicvRE 66—Oscillator Tuning Unit (Front View) 


It is hoped that a future paper before the INSTITUTE will 
enter into a complete discussion of the functioning of this broad- 
casting station. Such discussion, however, is beyond the scope 
of the present paper. Figure 75 is shown, in closing, to illustrate 
the vacuum tubes which are utilized in transmitters described 
in this paper. 

Тһе first three of these are receiving tubes. Тһе remainder 
are transmitting tubes, and are rated at 5, 50, 250, 1,000, 5,000, 
and 20,000 watts, respectively. All of these tubes, as now manu- 
factured, include thoriated filaments, which has resulted in an 
appreciable decrease in the power required for the heating of the 
filament, and an increase in the filament life of the tube. 
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Тһе 20-kilowatt tubes must be operated in conjunction with 
a water-cooling system. The anode is exposed directly to the 
eirculating water. 


Бісенк 07 —Oscillator Tuning Unit (Rear View) 


The characteristics of the thoriated filament tube are such 
that filament voltage regulation becomes a matter of lesser 1m- 
portance. It has been found that the output of transmitters 
utilizing these tubes is constant thruout a comparatively wide 
variation. in filament voltage, also, that the filaments have 
sufficient emission so that they can usually be operated at some- 
what below rated voltage. It is apparent, therefore, that nor- 
mal variations in supply voltage will not affect the output of the 
transmitter, nor decrease the filament life. The greater emission 
also practically eliminates change in frequenev, due to change 
in filament temperature over a comparatively wide range of 
filament voltage. 

SUMMARY: This paper describes a number of vacuum tube transmitters 


which have been developed and built during the past year, both for commercial 
use and the various governmental departments. It includes a discussion of the 
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circuits utilized, and the reasons for adopting the present circuits in place of the 
former “antenna oscillators.” 

The 20-kilowatt transmitters built for the United Fruit Company for in- 
stallation in Central America, are described in detail, since they represent most 
completely the developments to date in medium power vacuum tube trans- 
mitters. 


Ғісове 68—5 Watt Amplifier Bank (Microphone Amplifier) 
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FiGURE 69—3-Watt Ampliher Bank (Micropnone Ашріпћег) 
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FiGunE 70—50-Watt Amplifier Rack (Intermediate Ampli- 
fier Bank) (Front 
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(Rear) 


"IGURE 71—50-Watt Amplifier Rack (Intermediate Amplifier Bank) 
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Кісгке 72—50-Watt Amplifier Rack (Monitoring and 
junk) (Front) 
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Figure 73—Monitoring and Time Signal Bank (Rear) 
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FiaurE 74— Battery and Generator Control Panel (Side View, Front) 
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A METHOD OF MEASURING AT RADIO FREQUENCIES 
THE EQUIVALENT SERIES RESISTANCE OF CONDEN- 
SERS INTENDED FOR USE IN RADIO RECEIVING 
CIRCUITS* 


Bv 
CHARLES N. WEYL 


(MOORE SCHOOL OF ELECTRICAL ENGINEERING) 
AND 


SYLVAN HARRIS 


(CONSULTING ENGINEER) 


INTRODUCTION 


The purpose of this paper is to show the desirability of meas- 
ing at radio frequencies the equivalent series resistance of con- 
densers intended for use in radio receiving circuits, and to set 
forth à method, recently developed by the writers of this paper, 
of making such measurements. It is believed that the method 
to be described will serve not only as an aid to the choice of par- 
ticular condensers for particular purposes, but also that its use 
will lead to а better understanding of the theoretical and practi- 
cal aspects of condenser design. 

No detailed theoretical discussion of the factors which enter 
into the losses of condensers will be considered. For such mate- 
rial as is available on this subject the reader is referred to the 
scientific papers which have been issued from time to time by 
the United States Bureau of Standards.! 

Practically every radio receiving circuit makes use of the 
phenomenon of resonance. In а vast majority of cases it is de- 
sirable to produce as sharp a resonance as possible, which in- 
directly means that all losses of power in the circuit must be re- 
duced to а minimum. Since а resonant circuit consists essen- 
tially of an inductance (usually a coil of some sort) апа a capacity 
(some type of condenser) it is important that the designer reduce 
the losses in both coil and condenser as far as is possible. 

Much work has been done on the resistance of coils used in 

*Received by the Editor, September 6, 1924. 

! See particularly Article 34, Bulletin 74. Bureau of Standards. 
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radio frequency cireuits, but the writers of this paper have 
found that it is almost universal practice to determine the losses 
of receiving air condensers at audio frequencies, even tho the 
condensers are intended to be used in radio frequency circuits. 
This means that it has been thought possible, from the equivalent 
series resistance measured at audio frequency (for example 1 
kilocycle) to compute the value for radio frequencies (for example 
1,000 kilocycles). If the results of such a transformation are to 
be of value, the exact law connecting loss and frequency must 
be known, since the orders of magnitude of audio and radio fre- 
quencies are so vastly different. 

A study of the literature has led the writers to believe that 
these laws are not accurately known and at best would not yield 
readily to computation. We quote as follows: “Тһе variation 
of the power factor and the equivalent resistance with frequency 
is a complicated matter, the laws of which are not accurately 
known. To a first approximation, however, the power factor of 
an absorbing condenser is constant. Since rwC (power factor) 
is approximately constant, r (equivalent series resistance) is in- 
versely proportionaltofrequency."? Thecurve which accompanies 
the material just quoted shows the variations of the equivalent 
series resistance of a glass plate condenser between 750 kilocycles 
and 97 kilocyeles. This curve shows definitely that the inverse 
proportionality is not strictly true. Certainly extrapolation from 
1 kilocycle to 1,000 kilocycles would be entirely unjustified. 

A brief consideration of the elements which constitute the 
equivalent series resistance of a condenser will serve to show a 
few of the difficulties involved. Leakage resistance, dielectric 
absorption, and the resistance of the plates and connections all 
contribute to the losses Іп а condenser. All of these factors are 
subject to variation with frequency. It would be necessary to 
know precisely how each of these factors varies with frequency 
if we desire to compute the effect at one frequency when measure- 
ments have been made at another, bearing a ratio to the first 
1-to-1000. 

We shall stop to consider only one of these factors. At 1 
kilocycle the skin effect in a parallel plate condenser is small, in 
fact, practically negligible. At 1,000 kiloeyeles the skin effect 
is unquestionably no longer negligible nor is it readily calculable 
to any reasonable degree of accuracy. 

In recent months many laboratory tests have been made by 
various manufacturers to determine the equivalent series resist- 

а Bulletin 74, Bureau of Standards, page 125, and following. 
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ance of condensers. These results have either been stated to 
refer to 1 kilocycle, which of course is not a useful figure for the 
radio engineer, or the result obtained from a 1-kilocycle test has 
been referred to some radio frequency assuming that the equiva- 
lent series resistance was ezractly inversely proportional to the 
frequency. Since this assumption is not true, such radio-fre- 
quency values are practically worthless. 

It was with this in mind that the writers developed the method 
of measurement at radio frequencies of the equivalent series 
resistance of condensers intended for use in receiving circuits. 


THE PRINCIPLE OF THE METHOD OF MEASUREMENT 


The principle upon which the method is based can be ex- 
plained by reference to Figure 1. The coil O is supplied with 
energy at any desired radio frequency by a vacuum tube oscil- 
lator. The loop L and the condenser C form a simple resonant. 
circuit. A known resistance rs is short-circuited by a heavy 
removable bar S. A is a thermo-galvanometer. 
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Suppose that the oscillator is adjusted to give resonance in 
the circuit L C A S. 
If E is the emf. induced in the circuit by O, 
r is the resistance of the loop and ammeter, 
тс із the equivalent series resistance of the condenser. 


E ; | 
then = m where Г, is the resonant current. 


€ 
Now if the bar S is removed and resonance still obtains 
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n- E 
r+retrs 
The justification for assuming E the same in both cases will 
be made later. 
From the above equations 


where 7; is the resonant current. 


Te 


= -r 
1} (1) 
"E 

If r, rs, and В сап be accurately determined we have a means of 


a 
- 


determining re. 

It is at once apparent that unless г is smaller than re, а small 
error in the determination of the value of r will introdu ce а large 
error in the computed value of re. Therefore the resistance of 
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ud 
the loop and meter must be as small as possible. Тһе ratio 
2 


must also be as large as is consistent with the accurate part of 
the range of the galvanometer being employed. Further, if the 
equivalent series resistances of condensers of different capacities 
аге to be measured at the same frequency, а loop of variable in- 
ductance must be used. 

Preliminary experiments showed that for air condensers hav 
ing а capacity of the order of magnitude of 500 micro-micro 
farads, the equivalent series resistance was in the neighborhood 
of an ohm at 1,000 kilocycles. "Therefore it was necessary to 
make the loop and galvanometer resistance as much less than 
this as was possible. 

А very sensitive thermo-galvanometer having a resistance of 
about 5,ohms was chosen. This meant, of course, that it was 
necessary to shunt the galvanometer with a low resistance. 

However, reference to article 42, Bulletin 74, Bureau of 
Standards explains the difficulty of employing such shunts due 
mainly to the impossibility of determining accurately the divis- 
ion of the current between the shunt and the meter. It is to be 
noted that this diffieulty was eliminated in the method used by 
the writers, since the expression for re depends upon the ratio of 
I, to I» and not upon their absolute values. It was assumed, and 
later justified, that altho the distribution of the current between 
shunt and meter could not be accurately determined, that for a 
given frequency the ratio of shunt current and meter current would 
be the same for different values of total current thru the loop. 

Since а thermo-galvanometer was used, for a given frequency, 
the readings of this meter, which had been carefully checked 
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against a standard, were proportional to the square of the current 
thru the loop and condenser. 

Ав а shunt for the galvanometer, a three-inch (7.6 cm.) 
length of number 14 copper wire was used, which even at radio 
frequencies had а negligible resistance. 


1 


FIGURE 2 


Before building the loop, curves of inductance and resistance 
per foot for various sizes of copper wire were calculated from 
formulas given in a paper by Rosa and Grover, Bulletin, Bureau 
of Standards, volume 8, 1912. The results of these computa- 
tions appear in Figures 3 and 4. 

The adjustable loop finally chosen (Figure 2) was made of 
number 8 Brown and Sharpe, copper wire and had maximum 
dimensions of 17.5 by 25 feet. Тһе resistance of this loop for 
various adjustments is shown in Figure 5. With this loop, 
resonance was obtainable at 1,500 kilocycles for the capacities 
ranging from 250 to 500 micro-microfarads. At this frequency 
the total resistance of the loop including leads was calculated to 
be 0.8 ohms. No advantage could be gained by using heavier 
gauge wire since the increased diameter of the wire would necessi- 
tate the use of a larger loop, because the inductance of a loop of 
given dimensions decreases as the diameter of the wire increases. 

However since the resistance of such a loop can be calculated 
with great accuracy and since the equivalent series resistance 
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of a 250 micro-microfarad condenser is approximately 2 ohms at 
1,500 kilocycles, this loop was quite satisfactory. 


T 5 E19 71; rr 
10 Ө 6 4 Е] 


Wire Sizes (В. & 5. gauge) 


High frequency resistance 


of straight copper wire 77 
t ! 


—„——————————————ө—————————————<+————————‹ 


OHNE 

| M сш 
Diameter of Wire (cms.) | 11500, 000 cycles* 
0.3 0.4 71H1:0.8 


"Inductance ге Resistance of e 
rectan M feet [-- : 
$00 000 cycles (200 m).| : : 


-- at 1,5 


T Diameter of Wire (спи) 2122 do ee 
қ Puce cuc DU сы 
EHE OFT BYE 10,5: S 20:6" 1207 210.8": 220.9." Ez 


FIGURE 4 
114 


It is to be noted that larger condensers which, in general, have 
smaller resistances, required less loop and consequently r was 
proportionately decreased. 
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The resistance r, (Figure 2) was a single strand number 80 
Brown and Sharpe, manganin wire having a d-c. resistance 
(measured in place, by а Wheatstone bridge) of 2.10 ohms. 
Reference to Table 1, Chapter 2, Morecroft's “Radio Communi- 
cation," will show that the resistance of a manganin wire of less 
than 0.29 mm. in diameter at 3,000 kilocycles or less, differs by 
less than one percent from the d-c., resistance. Manganin was 
chosen on account of its very low temperature coefficient of 
resistance. 

The short-circuiting bar was made of copper and could be 
clamped into position by heavy set screws (Figure 2). It is im- 
portant to note that the short-circuiting bar and the resistance 
rs, were offset with respect to the loop in such a manner as to 
make the inductance of the loop virtually the same with the bar 
in or out. | 

А twenty-watt oscillator was employed with extremely loose- 
coupling to the loop. In this way a negligible reaction took place 
between the loop and oscillator. 


PROCEDURE оғ MEASUREMENT? 
А measurement is made in the following manner: . 
1. The condenser is connected to the points a and b (Figure 2) 
with short heavy leads. 


? All experimental work was conducted in the laboratories of the Moore 
School of Electrical Engineering, University of Pennsylvania. 
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2. Тһе dial is set at the desired capacity, if à variable con- 
denser is being measured. 

3. By means of an accurate wavemeter the oscillator is ad- 
justed to give the desired frequency. 

4. With r: short-circuited by means of bar S the adjustable 
side, c, of the loop is moved until resonance is indicated by the 


thermo-galvanometer. Non-conducting rods should be used to 


make the final adjustment of the loop in order to avoid body 
capacity effects. When the exact point of resonance has been 
found the clamps, d, are tightened. 

5. The output of the oscillator is then adjusted to give ap- 
proximately full scale reading of the thermo-galvanometer, the 
frequeney being maintained constant, using the wave meter as 
a check. 

6. A reading is taken of the thermo-galvanometer, the ob- 
server being careful not to touch any part of the apparatus. 

7. The short-circuiting bar S is then unclamped and slid back. 
introducing the additional resistance rs into the circuit. 

8. A second reading of the thermo-galvanometer is taken. 

9. The position of the adjustable side of the loop is noted. 


CALCULATION OF THE EQUIVALENT SERIES RESISTANCE 


Having obtained the ratio : and the position of the adjus- 
2 


table side of the loop, the calculation of the equivalent series 
resistance is quite simple. By consulting the curves in Figure 5, 
the resistance of the loop and leads are determined at the given 
frequency. These data are then substituted in equation (1), 
which yields re directly. 


PROOF or THE VALIDITY OF THE METIIOD 


The equivalent series resistance of a 500 micro-microfarad 
variable air condenser was measured at 1,500 kilocycles by the 
method described above. А piece of number 30 Brown and 
Sharpe “Advance” wire was then carefully soldered between two 
heavy copper lugs. А careful measurement by means of a Wheat- 
stone bridge yielded a resistance of 0.775 ohms for this wire. The 
wire with its lugs was then connected in series with the 500 micro- 
microfarad condenser and the combined resistance of the con- 
denser and resistance wire was measured at 1,500 kilocycles. Тһе 
value of re was then deducted from the combined resistance of 
тс and the “Advance” wire. This yielded a result of 0.796 ohm 
or a difference of less than 2.7 percent, part of which difference 
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is accounted for by skin effect. This test was repeated for several 
known resistances and at several frequencies, the maximum 
deviation noted being less than 3 percent. 

А series of tests were also made to determine the effect of dif- 
ferent loop and oscillator couplings and also different values of т, 
varying from 0.56 ohms to 2.12 ohms. Тһе deviation from the 
mean of the values was less than 3 percent. 

Тһе effect of foreign metallic bodies in the region of the ap- 
paratus was also determined, showing that under the conditions 
of these tests such effects were entirely negligible. 

А careful test was made to determine the effects of any har- 
monics which might be present in the oscillator output, but the 
sharpness of the measuring circuit was so great as to render such 
effects entirely negligible. 


SoME RESULTS OBTAINED BY THE METHOD 


While it is the primary intention of the writers to present the 
method of measurement in such a fashion that other experimen- 
ters may be able to avail themselves of it, for the investigation of 
condenser losses, it may not be out of place to present briefly 
some results obtained by means of this method. No attempt 
whatsoever will be made in this paper to interpret these results. 

The curve in Figure 6 is practically self-explanatory, show- 
ing the variations of the equivalent series resistance with dial 
setting of a standard make of air condenser of the so-called ‘ом 
loss" type. The frequency was constant at 3,125 kilocycles 
(approximately 100 meters) thruout the test. The large resist- 
ance of such a condenser in the low part of its range, is clearly 
demonstrated. | 

The curve in Figure 7 shows the variation of the equivalent 
series resistance of the same condenser with frequency, maximum 
intermesh of the plates being maintained thruout the test. The 
regularity of the points is further evidence for the precision of 
the method. Figure 8 shows the same data plotted on logarith- 
mic paper. While the frequency range is small, this curve indi- 
cates that the exponent of the resistance—frequency relation for 
this condenser is approximately 0.76. А measurement by the 
Bureau of Standards of this same condenser at 1 kilocycle 
yielded a result of 278 ohms which justifies an exponent of 0.7. 

These results should serve to show the fallacy in referring 1- 
kilocycle measurements to radio frequencies, using the reciprocal 
law. 
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Table 1 shows the averages of tests made on over a hundred 


different air condensers of commercial manufacture. 


TABLE 1 


AVERAGE EQUIVALENT SERIES RESISTANCE OF AIR CONDENSERS 


SETTINGS 


AT MAXIMUM 


Average 
Equivalent 


Capacity of | 


Capacity of 


Ohms at 1,500 Kilocycles 


Resistance 


Largest 
Cond. 


Micro-microfarads 


Smallest 
Cond. 


resistances of four sizes of typical “low 


Table 2 gives the 
loss" condensers at maximum capacity, 


design. 


all of the same make and 
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TABLE 2 


EQUIVALENT SERIES RESISTANCES OF A SET OF “Low Loss” AIR 
AT MAXIMUM SETTING, OF SAME CONSTRUCTION AND DESIGN 


Capacity in Саа Коно re at 1,500 kilocycles 


200 . 2 


380 
500 
980 


Table 3 gives the resistance at maximum capacity for а set. 
of six condensers showing the effect of enclosing condensers in 
metal cases. 

TABLE 3 


SHOWING EFFECT or METAL CONTAINERS ON AIR CONDENSER 
LOSSES 


Approx. capacity | rein ohms at 1,500 | re in ohms at 1,500 
in micro-micro- ke. with metal ke. without metal 
farads container container 
270 2.02 1.53 
515 1.00 0.79 
1075 0.57 0.45 


A condenser of standard make having solid bakelite end 
plates was measured at 1,000 kilocycles. The end plates were 
then drilled Jeaving only a supporting skeleton of bakelite. A 
new measurement was made. A pigtail was then added. A third 
measurement of resistance was made, the results of these meas- 
urements are shown in Table 4. 


TABLE 4 
EFFECT or SOLID END-PLATES AND PIGTAIL ON LOSSES 
800 Micro-microfarad Condenser 


Condition r; in ohms аё 1,000 kilocycles 
Solid end plates 


(no pigtail) 9559 


Skeleton end plates 
(no pigtail) 


Skeleton end plates 
and pigtail 


Table 5 is self-explanatory. 


TABLE 5 
OLD STYLE Versus “Low Loss" AiR CONDENSERS 


Old Style “Low Loss” 


Average Average 


C it i 2 

| apacity ге ohms Number Capacity re ohms 

in mıcro- | at 1,500 in micro- | at 1,500 
c Tested 


Number 


micro- ke. micro- ke. Tested 


farads farads 


500 
1000 


CONCLUSION 


The above data and curves are indications of what may be 
accomplished with this method. The writers hope that its appli- 
cation to the problem of condenser selection and design will yield 
valuable results in the hands of other investigators as well as in 
their own. 


SUMMARY: This paper shows the desirability of measuring at radio fre- 
quencies rather than at audio frequencies, the equivalent series resistance 
of radio receiving condensers. It further sets forth in detail a method of mak- 
ing such radio frequency measurements, and shows some preliminary results 
obtained from the application of this method. 
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THE “PIONEER BROADCASTER” 


(Discussions on Mr. D.G. Little’s paper on “КОКА, the Radio 
Telephone Broadcasting Station of the Westinghouse Electric 
and Manufacturing Company, East Pittsburgh, Pennsylvania," ' 
by Messrs. Howard E. Campbell, D. G. Little, and Lee de Forest ; 
summarized at the request of the Board of Direction of The 
Institute by Professor John H. Morecroft.) 


In an art like radio, which had such а phenomenal growth all 
over the country, any one's claim to the distinction of being the 
"pioneer broadcaster” is sure to raise an argument. Mr. Little's 
designation of KDKA as the country's "pioneer broadcasting 
station" will not be questioned by most radio readers, but should 
any one dispute the claim, we must at опе admit that the first 
radiophone broadcasting was not done іу the Westinghouse 
Company at KDKA, but by Lee de Forest, who undoubtedly 
antedates all other claimants to the title “pioneer.” 

Ten or more years before any of the others, de Forest threw 
the human voice over & country almost devoid of listeners; we 
can well remember listening to him on our crystal receiver sets, 
and a real thrill it gave. In 1916, radiophone experimenting was 
carried on at the Highbridge laboratory of the de Forest Com- 
pany; Governmental regulation stopped broadcasting for a 
while; then in 1919-1920 we had a real and permanent revival 
of the art. From the laboratory of Mr. Robert Gowan, in Ossin- 
ing, the human voice was thrown over the ether waves at this 
time and, in late 1919, Mr. Frank Conrad, engineer of the Westing- 
house Company, began to send out radiophone "programs" from 
his home. These early phonograph reproduction programs were 
undoubtedly the private enterprise of Mr. Conrad, and not a 
Westinghouse activity at all, but Mr. Conrad's success resulted 
in the transfer of the station from his home to the Westinghouse 
plant. Thus station KDKA' began to function, getting its call 
letters from the Government on November 5, 1920. 

In the meantime а de Forest radio set had been put into 
operation by the Detroit News, and on August 31, 1920, this 
station sent out election returns. Тһе station was not called 
WWJ until a year and one-half later, but it was evidently oper- 
ating from the office of the Detroit News, as а news service, 
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before the activities of Mr. Conrad had been transferred to the 
Westinghouse factory. So the Detroit News station antedates 
the Westinghouse factory station, the Conrad home station 
antedates the Detroit News, the Gowan home station ante- 
dates the Conrad, and de Forest's activities antedate them all. 
As to which was the “ріопеег broadcaster" the reader may judge 
for himself. 
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DISCUSSION ON “А METHOD OF MEASURING VERY 
SHORT RADIO WAVE LENGTHS AND THEIR USE IN 
FREQUCNCY STANDARDIZATION" 

By Francis W. DUNMORE AND Francis H. ENGEL 


By 
EriRno TAKAGISHI 
AND 


SHIGEYOSHI KAWAZOE 


(THE ELECTRO-TECHNICAL LABORATORY, MINISTRY OF COMMUNICATIONS, 
JAPAN) 


The above paper on frequency standardization (PROCEEDINGS 
OF THE INSTITUTE OF Клоо ENGINEERS, volume 11, number 5, 
October, 1923, page 407) interested us greatly, but the writers 
desire to point out some doubtful points in the paper. The paper 
states that the authors measured the length of the standing wave 
produced on parallel wires by marking on the wires the points 
where a thermo-galvanometer showed a maximum indication of 
current. According to the observations in our experiments on 
the same problem it was found that generally there exist two 
points corresponding to maximum indications of the galvanometer 
bridged across the parallel wires and between them a point of 
minimum indication as shown in Figure 1. At either point of 
maximum indication of the galvanometer, the whole nature of 
the standing wave on the wires has been so much affected by the 
insertion of the galvanometer that the ammeter at the point. of 
excitation (or at the current loop) showed a rapid fall of current, 
but when the galvanometer is put at the point of minimum indi- 
cation, hardly any decrease іп the current has been observed. 

From these phenomena they arrived at a conclusion that for 
the measurement of the wave length on the wires the point of 
minimum indication should be preferred to those of maximum 
Indication, and this enabled them to get more accurate results. 
To analyze these phenomena rigorously by the help of mathe- 
matics involves many difficulties, but a simple conception may 
lead us to a fair understanding of the present problem, In Figure 


*Received by the Editor, July 14, 1924. 
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2, the full lines represent the standing wave of current and the 
dotted ones represent that of potential, the distribution being 
as usual, and the fall potential due to line resistance being ignored. 
The potential difference across the both wires will be a minimum 
at А, A’. Therefore, if an ideal voltmeter which consumes no 
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current be bridged across the wires, the voltmeter might have a 
minimum indication at this point, that is, at the anode of poten- 
tial or the loop of current. If an ideal ammeter which requires 
no potential drop across it be used instead of the ideal voltmeter, 
it is clear that it would indicate maximum current at the same 
point owing to the well-known resonance phenomenon. This 
being the case it follows that in our practical cases the maximum 
indication may exist at a certain position other than A, A’ and 
B, B’, and if the meter bridged across the wires has a low re- 
sistance (as is the case for a usual ammeter) the maximum indi- 
cation occurs near the points A, A’and on both sides of them. In 
such cases, within a small region very near the minimum point, 
the resonance condition on the wires is hardly affected by bridging 
a meter across them, and the indication is determined mainly by 
the normal form of potential distributions on the wires. It may 
be deduced also that the greater the resistance of the meter, the 
further the points of maximum indication may be moved away 
from the position A, A’ and in both directions along the wires, 
and that if the ammeter has a negligible resistance, the two 
maximum points may practically coincide with each other. This 
also was actually observed in our experiments. 


Е. W. Dunmore and Е. Н. Engel (by letter):* The fact that 
two current maxima were found by Messrs. Takagishi and Kawa- 
zoe in their experiments with the parallel wire method of fre- 
quency standardization was no doubt due to the fact that the 
power output of the generating set was insufficient, thus requiring 

*Received by the Editor, August 29, 1924. Published by permission of 


the Director of the Burcau of Standards of the United States Department of 
Commerce. 
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too close coupling between the generating set and the parallel 
wire system. "The effect produced by this combination is quite 
similar to that encountered in spark transmitting sets when the 
coupling between the primary and antenna circuits is too tight,— 
the familiar double hump in the resonance curve is obtained. 
This “pulling” effect actually changes the frequency of the gen- 
erating set in the parallel wire method of frequency standardiza- 
tion. The authors completely overcame this effect by using a 50- 
watt tube as the source of radio-frequency power, and by keep- 
ing this generating set as loosely coupled to the parallel wire 
system as possible. In this way the reaction between the parallel 
wire system and the generating set was reduced to such an extent 
that but one sharp hump could be found at each half wave length 
position along the parallel wire system. 

A theoretical discussion of the above point may be found in 
Bureau of Standards Scientific Paper Number 491, “Тһеогу of 
Determination of Ultra-Radio Frequencies by Standing Waves 
on Wires," by А. Hund. 

August 15, 1924. 
Department of Commerce, 
Washington, D. C. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


(ISSUED NOVEMBER 4, 1924—-DECEMBER 30, 1924 


By 
Joun B. BRADY 
(PATENT LAWYER, Ouray BUILDING, WasuIiNGTON, D. C.) 
1,505,085—C. E. Brigham, filed July 15, 1922, issued August 19, 


1924. Assigned to Dubilier Condenser and Radio Corpor- 
ation, New York. 


Ve/fe on Gred 
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NUMBER 1,505,085—Radio Receiving Apparatus 


Rapiro RECEIVING APPARATUS, including a radio frequency 
amplification circuit wherein the tubes are interlinkedby coup- 
ling transformers designed to amplify incoming signaling fre- 
quencies over a broad band of frequencies. The transformer 
is designed to have extremely small distributed capacity at the 
frequencies for which the transformer is designed to operate. A 
magnetic leakage gap is introduced in the magnetic circuit for 

*Received by the Editor, January 10, 1925. 
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producing losses to а degree necessary to enable the transformer 
to operate effectively over & broad band of frequencies. The 
patent shows а number of curves which have been taken on dif- 
ferent radio frequency transformers and shows the relatively 
flat characteristic curve 21 which is possessed by the transformer 
of the present design. 


1,513,973—F. M. Doolittle, filed February 21, 1924, issued 
November 4, 1924. 


Ranio TELEPHONY system of broadcasting wherein the sounds 
reproduced at the receiving station may be so reproduced as to 
impart an effect of true tone values derived from a sense of loca- 
tion of the artists or the musical instruments at the broadcast 
studio. Two radio channels of transmission are provided each 
under control of separate sound pick-up microphones so relatively 
positioned as to receive sound in a manner simulating the recep- 
tion of sounds by the ears of a human being. The radio channels 
are non-interfering and are each separately adjusted to bring in 
the transmission from the same studio. 


1,514,295—J. Е. Lindberg, filed July 5, 1922, issued November 
4, 1924. 


CONDENSER of the variable type in which both the stationary 
and the movable plates may be adjusted thru a vernier adjuster. 
The stationary plates are mounted at peripheries in such manner 
that thev may be rocked with respect to the movable plates while 
the movable plates may be independently rotated in respect to 
the stationary plates. 


1,514,369-Н. А. Bremer, filed September 21, 1923, issued 
November 4, 1924. 

ELECTRIC CONDENSER having a vernier adjustment, consist - 
ing of a supplemental plate element engaged by a spring connected 
with the movable plates and arranged to be rotated with respect 
to both the movable and the stationary plates. A spring element 
Is included between the supplemental plates and the shaft which 
carries the movable plates which spring clement is in the form 
of a U-shaped clip. 


1,514,648—R. Bown, filed November 12, 1920, issued Novem- 

ber 11, 1924. Assigned to American Telephone and Tele- 
graph Company, New York. 

DinEcTIvE Rapio System, in which a plurality of antennas 
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are arranged and each excited by a separate oscillator. Тһе 
antennas are spaced apart for a distance corresponding to an 
even multiple of a wave length. А common modulating circuit 
is provided connecting by line wire with the several stations so 
that each oscillation circuit may be simultaneously varied. By 
arrangement of the transmitting stations signals can be trans- 
mitted in а desired direction. 


1,514,661-М. W. Haub, filed November 6, 1922, issued Novem- 
ber 11, 1924. 

Rapio RECEIVING AND TRANSMITTING SYSTEM, comprising а 
circuit in which a condenser is connected in the antenna ground 
system and arranged with three sets of plates comprising a pair 
of dielectrically opposed plate members and a third set of plate 
members between the two sets of fixed plate members: The sets 
of fixed plate members have radio frequency energy impressed 
across them while the third set of plate members is connected with 
the lead from the grid of the electron tubes employed in the 
system. | 


1,514,699—E. C. Hanson, filed August 1, 1921, issued November 


11, 1924. 
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NUMBER 1,5141,699— Method and Ap- 
paratus for Radio Control for Torpe- 
does, and so on 
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METHOD AND APPARATUS FOR RaDio CONTROL FoR Tor- 
PEDOES, and so on, wherein a pair of loops are carried on aircraft 
and independently energized with audio frequency energy which 
is picked up by a tuned system having mechanical relays tuned 
to the audio notes transmitted. The signals of different notes 
are employed to actuate different controls aboard the torpedo. 


1,514,732—P. J. Ruddy, filed June 21, 1921, issued November 
11, 1924. 

ELECTROMAGNETIC SIGNALING APPARATUS, in which the 
apparatus is self-contained and does not employ an antenna or 
ground connection. <A device resembling a coherer is used at the 
receiver, consisting of a tube of non-conducting material. pole 
members at each end of the tube and groups of lead and mag- 
netized steel balls between the pole members. 


1,514,733--А. Н. Sass, filed May 11, 1922, issued November 11, 
1924. Assigned to Western Electric Company. Incorpor- 
ated, New York. 

CONDENSER, wherein both the movable and stationary plates 
are mounted on the same shaft, thereby decreasing the area 
occupied by the condenser. The shaft is insulated and arranged 
so that alternate plates are moved between the remaining plates 
which are immovable upon the shaft. 


1,514,752—P. I. Wold, filed September 14, 1920, issued Novem- 
ber 11, 1924. Assigned to Western Electric Company, In- 
corporated, New York. 
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NuMBER 1,514,752— Method of and Means for Receiving 
Radio Signals 
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METHOD OF AND MEANS FOR RECEIVING RADIO SIGNALS, which 
comprises combining the incoming waves with locally generated 
oscillations of a frequency different from that of the incoming 
waves. The resultant composite waves are transferred selectively 
with the substantial elimination of the locally generated oscilla- 
tions and then the resultant selectively transferred composite 
waves again combined with the locally generated oscillations 
reducing the frequency in such manner that it may be observed. 
The patent describes a single oscillator at the receiver which 
reacts a number of times upon the incoming signaling energy at 
different points in the amplification system and when the re- 
ceived energy has been modified in different conditions. 


1,514,898—G. L. безеу, filed July 18, 1923, issued November 
11, 1924. 

THERMIONIC Device, in which the electrodes are stamped 
from blanks with extended tongues or straps which enable the 
electrodes to be folded upon themselves and mechanically sup- 
ported within the tube. Тһе electrodes are punched with 
checkered apertures therein. 


1,515.186—F. Conrad, filed June 3, 1920, issued November 11, 
1924. Assigned to Westinghouse Electric and Manufactur- 
ing Company, Pittsburgh, Pennsylvania. 
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NUMBER 1,515,186 —Aperiodie Receiving System 


APERIODIC RECEIVING SYSTEM, employing Inductive coupling 
with capacitance loading in the antenna етеш and in which 
automatic control of the antenna system is secured. The coupled 
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inductor and the condenser reactor are mechanically linked and 
varied simultaneously in the tuning of the receiver. 


1,515,331—J. Bethenod, filed August 2, 1921, issued November 
11, 1924. 


Ranio TRANSMISSION SYSTEM, employing an antenna system 
which may be energized by & plurality of high frequency gener- 
ators. Allthe generators may be operated simultaneously at the 
same frequency whereby the total generating power of the station 
is applied to the antenna, or these generators may be independ- 
ently operated at different frequencies, in order to make possible 
multiplex transmission. Тһе principle of the invention consists 
in that the antenna, which is a horizontal network extended in 
one direction, is divided into a plurality of sections each of which 
is supplied with current by a radio frequency generator, and 
provisions are made for modifying, if necessary, the effects of the 
electromagnetic or electrostatic induction between any two 
sections. 


1,515,670—L. F. Fuller, filed September 25, 1919, issued Novem- 
bet 18, 1924. Assigned to Federal Telegraph Company, San 
Francisco, California. 


Клоо TELEGRAPHY system, in which the ohmic resistance 
of the ground circuits is reduced with a view of raising the over- 
all efficiency of a transmitting station. The specification points 
out that by reason of the large antenna current the I?R losses in 
the usual ground system at a high power radio station have been 
so large as considerably to reduce the efficiency. By the present 
invention an ungrounded radiating circuit comprising a plurality 
of vertical loops in substantially the same plane is provided. The 
vertical sides of adjacent loops are near each other and current 
is supplied to each loop of such phase that the current in the 
adjacent vertical sides are opposed and substantially nullify 
each other. Тһе resistance losses in the entire structure may be 
thus maintained at a desired low value. 


1,515,900—C. J. Everett, filed May 5, 1922, issued November 
18, 1924. 

DETECTOR FOR USE IN Rapio Circuits, in which the contact 
member comprises а spring positioned within a barrel and pro- 
jecting out of the end thereof to engage the sensitive crystal 
surface. 
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1,515,990—R. D. Bangay, filed July 9, 1921, issued November 
18, 1924. Assigned to Radio Corporation of America, Dela- 
ware. 


Rapio TELEGRAPHY, in which the wave length of the trans- 
mitting system may be varied by movement of a variometer in 
the primary circuit. The primary inductance is in the form of & 
variometer while the antenna inductance is coupled with the 
variometer. By varying the angular position of the variometer 
coils in the primary circuit, the coupling is changed while main- 
taining the inductance constant. 


1,515,994—4A. W. Bowman, filed April 4, 1923, issued November 
18, 1924. 


OscILLATION DETECTOR of the crystal type, in which a crystal 
is disposed adjacent one end of a cartridge container while the 
surface is touched by a fine wire spiral spring projecting from the 
other end of the cartridge and controlled from a knob exterior 
of the barrel. | 


1,516,061—H. O. Rugh, filed November 16, 1922, issued November 
18, 1924. Assigned to Rugh and Noble, Chicago, Illinois. 


Каро REcEIVING SysTEM, which may be connected in the 
house lighting circuit similar to an ineandescent lamp. А two- 
electrode tube is secured into the lighting socket and has its fila- 
ment lighted from the source of current. А tuned circuit is pro- 
vided across the input terminals while a responsive device is con- 
nected in circuit with the second electrode. 


1,517,057—D. Grimes, filed September 19, 1922, issued Novem- 
ber 25, 1924. 


2, 13. 14, 
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NuMBER 1,517,057—Vacuum Tube Amplifier 
135 


Vaett M Tues AMPLIFIER. in which a plurality of tubes are 
provided so arranged that radio frequency current variations 
are repeatedly amplified by the electron tubes in а predeter- 
mined order with circuit connections whereby said tubes simul- 
taneously operate repeatedly to amplify audio frequency current 
variations in the inverse order as compared with the prede- 
termined order of radio frequency amplification. 


1,417,058—D. Grimes, filed December 1, 1923, issued November 
25, 1924. Assigned to Grimes Radio Engineering Company, 
Incorporated. 
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NUMBER 1,517,058 —Inverse Duplex Vacuum Tube Circuit 


INVERSE DuvPLEX Уасссм Tuse Сіксііт, in which both 
radio and audio frequency amplification may be effected in tube 
circuits simultaneously. Тһе radio frequency signaling currents 
arc transmitted thru the amplification tubes in а certain order, 
while the audio frequency signaling currents are transmitted 
thru the same amplifier tubes successively in the inverse order 
with respect to the radio frequency amplification. Circuit con- 
nections are provided to prevent the effective transmission of 
audio frequency signaling currents from the output side of one 
amplifier to the input side of a successive amplifier in the order 
predetermined for radio frequency amplification. 
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1,517,277--О. B. Buchanan, filed August 18, 1921, issued De- 
cember 2, 1924. Assigned to Westinghouse Electric and 
Manufacturing Company. 
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NuMBER 1,517,277—Signaling System 


SIGNALING SYSTEM for transmission by means of an аге on a 
single wave without interrupting the are which consists in alter- 
nately inserting and removing parallel resonant reactance devices 
in the antenna circuit of the are system for production of signals. 
The absorbing circuit is connected in parallel with the radiating 
circuit and each contains impedance elements having predeter- 
mined electrical time constants with switching means which 
render the sets of impedance elements effeetive or ineffective in 
accordance with the signals. 


1,517,370—R. E. Marbury, filed November 26, 1920, issued De- 
cember 2, 1924. Assigned to Westinghouse Electrie and 
Manufacturing Company, Pittsburgh, Pennsylvania. 
Rap1io CoNDENSsER, in which the plates comprise metal foil 

coated with metal fusible below 200° C. The plates are alter- 

nately positioned between plates of solid dielectric. By this con- 
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struction the condenser can be subjected to heat and great pres- 
sure so that the fusible metal will fill up all the irregularities in 
the dielectric sheets. 


1,517,566—R. H. Marriott, filed November 1, 1921; issued De- 
cember 2, 1924. 
SPARK Gap unit for quenched gaps which has a spark chamber 
and a pressure relief chamber connecting therewith. Тһе walls 
.of the pressure relief chamber are expandible in such manner that 
on expansion of gas within the gap the unit will not develop leaks 
arising out of the tendency of the gas to escape from the unit. 


1,517,569—J. O. Mauborgne and Guy Hill, filed June 3, 1921, 
issued December 2, 1924. 
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SYSTEM OF Ranio TRANSMISSION, in which a wave coil is em- 
ployed in connection with a source of undamped high potential 
energy. A wave development is effected in the coil and the source 
of undamped oscillations modulated for the production of signals. 


1,517,568—J. О. Mauborgne and Guy Hill, filed June 16, 1920: 
issued December 2, 1924. 
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SYSTEM OF RaDIO TRANSMISSION which includes a power sup- 
ply and two or more wave coils. Corresponding points are se- 
lected on the coils and a suitable high frequency potential from 
the power supply impressed between the points for causing wave 
developments on the wave coils. The power supply is modu- 
lated for the purpose of signaling. 


1,517,570—J. O. Mauborgne and Guy Hill, filed February 17, 
1921, issued December 2, 1924. 


SysTEM OF RapIo COMMUNICATION utilizing a wave coil as 
ап antenna. An elongation of variable length is provided on one 
end of the wave coil and the capacity of the coil and the wave 
distribution thereon are thereby varied. 


1,517,602--А. M. Trogner, filed July 30, 1920, issued December 
2, 1924. 


NuMBER 1,517,602—Antenna Safety Link 


ANTENNA SAFETY LINK having a weakened portion therein, 
which may be ruptured when the antenna wires are subjected 
to undue strain without injury to the antenna conductors. The 
object of the invention is to prevent the carrying away of the 
antenna as the result of an abnormal “whipping” of the masts 
on shipboard, such as happens in cases of collision, torpedoing, 
grounding, and the like. 


1,517,654—H. J. Round and A. McLellan, filed March 30, 1921, 
issued December 2, 1924. Assigned to Radio Corporation 
of America, New York. 


RaDio SIGNALING SysTEM, in which the amplitude of the 
energy emanating from a transmitting station may be main- 
tained constant. A tube transmitter is shown having an oscilla- 
tion circuit and connections for impressing the oscillations gen- 
erated on an antenna system. A relay is energized by energy 
delivered to the antenna system, so that upon tendency of the 
energy to vary, the relay operates to prevent the generated oscil- 
lations from falling below a predetermined value. 
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1,517.816—E. F. W. Alexanderson, filed June 24, 1921, issued 
December 2, 1924. Assigned to General Electric Company, 
New York. 


Rapio TRANSMITTING SysTEM for a multiple tuned antenna 
divided into different portions with circuits for supplying the 
signaling energy to the different portions and varying the phase 
of the current so supplied to obtain maximum radiation of the 
signaling energy. 


1,518,439—A. Meissner, filed September 3, 1921, issued Decem- 
ber 9, 1924. Assigned to Gesellschaft für drahtlose Tele- 
graphie, m.b.H., Hallesches, of Berlin, Germany. 


ARC TRANSMITTER FOR Rapio TELEGRAPHY, in which the 
are generator is connected with the antenna system thru a cir- 
cuit arranged to increase by an even or odd multiple of the fre- 
quency of the oscillations, the frequency of the radiated signaling 
energy. The patent discloses a magnetic frequency changer 
interposed between the arc generator and the radiating system. 


1,518,564—T. S. Cole, filed October 27, 1922, issued December 9’ 
1924. 


Rapio TELEPHONE AND TELEGRAPH APPARATUS, consisting 
of a battery systein for connection in the plate circuit of an elec- 
tron tube with a switching arrangement associated with the bat- 
tery system, whereby in periods of non-use of the radio receiving 
circuit the “В” battery may be connected in shunt with the “А” 
battery for enabling the “В” battery to be charged from the “А” 
battery. The “В” battery is constructed in the form of а second- 
ary battery having its sections so arranged in parallel thru the 
switching arrangement that the filament battery may be utilized 
to charge the plate battery. 


1,518,633—R. Е.Н. Carpenter filed May 20, 1924, issued De- 
cember 9, 1924. 

RADIO SIGNALING SYSTEM AND APPARATUS THEREFOR for the 
reception of signaling energy in which the receiver may be accom- 
modated to various antenna systems and to suit the character- 
isties of such antenna systems to which the apparatus may be 
connected. А coupling system is provided between the receiver 
and the antenna circuit which consists of a resistance connected 
in series with a tuning condenser and in shunt with the antenna 
circuit. The resistance and condenser are varied in order to tune 
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the receiving system for operation and connection with antennas 
of different characteristics. 


1,518,655—W. І. Carlson and E. C. Hanson, filed January 14, 
1920, issued December 9 1924. 


NUMBER 1,518,655—Radio Telegraph System 


КАшО TELEGRAPH SYSTEM employing the telegraphone as a 
recorder of incoming signaling energy. Ап electron tube ampli- 
fication circuit is provided, the output circuit of which contains 
а device for audibly reproducing the signals and also the recording 
heads of the telegraphone whereby & magnetic record of the in- 
coming signals is simultaneously produced. 


1,518,656—E. C. Hanson, filed March 11, 1924, issued December 
9, 1924. 


NuMBER 1,518,656— Radio Telegraph System | 


Rapio TELEGRAPH SYSTEM employing a telegraphone upon 
the wire of which the signals are initially impressed and then the 
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telegraphone operated at high speed to control the radiation of 
signaling energy from a source of sustained oscillations. Тһе 
invention is directed to automatic high speed signaling from high 
power stations. 


1,518,082—W. R. С. Baker, filed November 6, 1923, issued 
November 9, 1924. Assigned to General Electric Company 
of New York. 


SIGNALING SYSTEM, in which an electron tube is employed as 
a generator of oscillations and is maintained in the condition of 
oscillation continuously while signals are produced by switching 
the oscillator alternately to a storage circuit and the radiating 
circuit. The system is intended principally for tubes of high 
power which will not permit the keving of the grid circuit. 


1,519,398—H. F. Elliott, filed December 14, 1921, issued Decem- 
ber 16, 1924. Assigned to Federal Telegraph Company, San 
Francisco, California. 

Anc CONVERTER, including an are chamber and a mechanical 
arrangement for exhausting and blowing out the are chamber 
with a valve arranged to connect either the exhausting pump or 
the blower with the are chamber. Тһе are is operated in an 
atmosphere of hydrogen or other gas having similar electro- 
mechanical properties. Тһе apparatus disclosed in this patent 
Is in association with the are converter for controlling the con- 
dition thereof. 


1,219,412--5. R. Mullard, filed October 2, 1922, issued Decem- 
ber 16, 1924. Assigned to The Mullard Radio Valve Com- 
pany, Limited, England. 

SUSPENSION OF INCANDESCENT FiLAMENTS for electron tubes 
for ensuring that the filament will be maintained under tension 
at all times. The filament is supported in spring suspension 
within the helix formed by the grid and inside of the vertical 
plate electrode. 


1.519,615—R. A. Heising. filed June 5, 1920, issued December 
16, 1924. Assigned to Western Electrie Company, Incor- 
porated, New York. 

SIGNALING SysTEM having a modulating svstem of the type 
wherein the unmodulated component of the modulated carrier 
frequency current is wholly or partly suppressed. Ап oscillator 
is provided for generating modulated current. А plurality of 
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paths are arranged for the passage of this current and one of the 
paths includes a stiffly resonant circuit of zero reactance and re- 
sistance for the unmodulated component of the modulated cut- 
rent. Another of the paths includes a loosely resonant circuit 
tuned to the same frequency. The undesired side frequencies are 
passed into the branch paths while the main frequency is trans- 
mitted. 


1,519,899— R. C. Benner, filed February 28, 1922, issued Decem- 
ber 1, 1924. Assigned to National Carbon Company, Incor- 
ӨНЕГЕНІ New York. 


APPARATUS FOR Rapio COMMUNICATION, comprising à con- 
struction of “В” battery. The “В” battery comprises a plurality 
of cells each having a substantially flat zinc anode which is dis- 
posed parallel and in close relationship with another zinc anode 
of the succeeding cell. The plates are substantially overlapped. 
The battery, therefore, has a large concentrated capacitance and 
according to the specification the electron tube circuit becomes 
more sensitive to weak radio frequency currents. 


1,510,027-- А. А. Kent, original filed September 23, 1916, issued 
December 23, 1924. Assigned to Atwater Kent Manufactur- 
ing Company, Philadelphia, Pennsylvania. 

CONDENSER AND HOLDER THEREFOR, in which the condenser 
is gripped between a pair of pressure plates which form the holder 
for the condenser adjacent a pair of binding posts comprising the 
terminals of the condenser. 


1,520,329—C. 5. Cherpeck, filed August 26, 1922, issued Decem- 
ber 23, 1924. 


VARIABLE CONDENSER of the book type in which plates which 
are normally paralleled may have their capacity varied by an- 
gularly varying the pistons between the plates by means of a 
screw which may be advanced to introduce а cam movement 
arranged to vary the angularity of the plates. 


1,520,461—H. A. Bremer, filed September 21, 1923, issued De- 
cember 23, 1924. 


ELECTRIC CONDENSER, in which the plates are arranged in 
pairs and are dished in such manner that movable plates may be 
interleaved between the stationary plates, the offset portions of 
the movable plates moving between the offset portions of the 
stationary plates. In this way a smaller number of spacing mem- 
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bers is required in the support of both the movable plates and 
the stationary plates. 


1,520,580— Norman Lea and John Ree, filed September 26, 1919, 
issued December 23, 1924. 


ELECTROMAGNETIC WAVE SIGNALING SYSTEM, consisting of 
an electron tube transmitter wherein the oscillation circuit has 
a permanent conductive connection between the control element 
of the valve and the negative lead of the high tension supply. 
The signals are produced by breaking the lead between the fila- 
ment and the negative lead to the control electrode. 


1,520,640-6. L. Geisey, filed November 20, 1922, issued De- 
cember 23, 1924. 

THERMIONIC Device or electron tube in which the grid is 
formed by a checkered plate with spaced openings while the plate 
is formed from flat material having raised portions in checkered 
formation corresponding to the checkered spaces in the grid. The 
tube is constructed in such manner that the electrodes are spaced 
very close together. 


1,520,835—A. Meissner, filed September, 1921, issued December 
30, 1924. Assigned to Gesellschaft fiir drahtlose Tele- 
graphie, m.b.H., of Berlin, Germany. 

METHOD OF RECEIVING ELECTRICAL OSCILLATIONS, which in- 
cludes heterodyning the received energy by a local source of cur- 
rent which has a frequency differing by an audio frequency from- 
a multiple of the received frequency. The object of this inven- 
tion is to provide a selective system of reception by choosing a 
particular frequency for the local source. 


1,521,018—H. L. Godfrey, filed June 3, 1920, issued Dceember 
30, 1924. Assigned to Westinghouse Electric and Manufac- 
turing Company, Pennsylvania. 


NUMBER 1,521,018— 
Signaling System 
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SIGNALING SYSTEM, іп which the transmission of the signaling 
energy is controlled by opening and closing a frequency trap cir- 
cuit. An inductor at the transmitter has а condenser connected 
in parallel therewith. Тһе condenser is constructed of a plurality 
of units which may be simultaneously shunted in forming the 
signals. 


1 521,205—W. 6. Stephenson and G. W. Walton, filed March 24, 
1924, issued December 30, 1924. 

SYNCHRONIZING RorATING Воргезѕ at radio transmitting and 
receiving stations intended for operation of apparatus in the 
transmission and reception of photographs. Synchronizing sig- 
nals are transmitted and received in such manner that they will 
control the operation of rotary apparatus at the receiver for main- 
taining the receiving apparatus in step with the transmitting 
apparatus for purposes of synchronizing the photograph process. 


1,521,275—G. W. Carpenter and W. L. Carlson, filed January 
29, 1921, issued December 30, 1924. 


) = 


NUMBER 1,521,275— Telephone. Headset 


TELEPHONE HEADSET where the cords of the telephone head- 
set are electrostatically shielded by a flexible conductive plate, 
which consists of woven tinsel conductors. The shield extends 
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over the telephone conductors and is grounded on the caps of the 
telephone receivers. Тһе shielded headset is described for use 
with sensitive multi-stage electron tube amplifiers in long dis- 
tance reception. 


1 521,380—D. С. McCaa, filed November 17, 1922, issued Пе. 
cember 30, 1924. Assigned to The Electric Apparatus Com- 
pany, Parkersburg, Pennsylvania. 


NUMBER 1,521,380—Receiving System 


RECEIVING бүвтем for radio signals in whicn a circuit ar- 
rangement is provided for discriminating against static atmos- 
pherics, strays and other disturbances. The received energy 
representing both the desired signal and the disturbing effect 15 
divided into two paths, including reactive devices, one of which 
is employed for effecting the translation of the desired signals 
and with another of which is associated a local source of oscilla- 
tions in such manner as to cause the effect of said reactance to 
fluctuate within wide limits resulting in the fluctuation in am- 
plitude of the signal representing energy in the first reactance 
and at certain instants to be reinforced by energy from the local 
source to the substantial exclusion or great reduction of the 
effects of the simultaneously existing disturbing energy. 


NUMBER 66,049— 

Advertising Sup- 

port for Telephone 
Head Sets 
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66,049—L. J. Urich, filed September 3, 1924, issued November 
18, 1924. Assigned to C. Brandes, Incorporated, of New 
York, N. Y. 

ADVERTISING SUPPORT FOR TELEPHONE HEAD SETs, in which 

a window display statuette is arranged with indentations formed 

on the head of the statuette to receive and support a telephone 

headset for display purposes. The statuette has the appearance 
of a radio listener-in wearing the headset which is on display. 
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SOME TRANS-PACIFIC RADIO FIELD INTENSITY 
MEASUREMENTS* 


Bv 
L. W. AvsTIN 


(LABORATORY FOR SPECIAL Rapio TnaNswissioN RESEARCH, BUREAU OF 
STANDARDS, WASHINGTON, D. C.) 


(Conducted jointly by the Bureau of Standards and the American Section 
of the International Union for Scientific Radiotelegraphy.) 


Radio field intensity measurements for frequencies varying 
roughly between 1,000 and 15 kc. (300 m. and 20,000 m.), and 
for distances up to 6,500 km. by daylight and over salt water, 
have been made by a number of independent observers and the 
results with some exceptions! аге in fair agreement. For fre- 
quencies from 1,000 at least down to 60 ke. (300 m. to 5,000 m.), 
the observed results agree within the limits of experimental cer- 
tainty with the values calculated from the Austin-Cohen for- 
mula, up to the greatest distances attempted (5,500 km.).* The 
lower frequencies ordinarily used for long-distance communi- 
cation, say from 15 to 30 kc. (10,000 to 20,000 m.), give observed 
values somewhat larger than those calculated. At a distance of 
6,000 km. this ratio of observed calculated values amounts, on 
an average, to about two to one.? Only a limited number of obser- 
vations have been taken at distances much greater than this, 
and these have generally indicated a considerable increase in 
the observed to calculated ratio.* 

*Received by the Editor, January 24, 1925. Published by permission 
of the Director of the Bureau of Standards of the United States Department 
of Commerce. 

! G. Vallauri, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS 
volume 8, page 286, 1920. 

M. Guierre, “Radio Review," volume 2, page 618; 1921. 

M Baumler, “Elek. Nach. Tech.," volume 1, page 50; 1924. 

ЗІ, W. Austin, “Bureau of Standards Scientific Papers, number 159, 
and number 286, 1914. 

R. Bown, C. R. Englund and Н. T. Friis, PROCEEDINGS OF THE INSTITUTE 

оғ Rapio ENGINEERS, volume 11, page 115, 1923. 

3 G. W. Pickard, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, 
volume 10, page 161, 1920. 

J. L. Eckersley, “Jour. I. E. E." (London), volume 58, page 677, 1921. 

L. W. Austin, PRocEEDINGS oF THE INSTITUTE OF RADIO ENGINEERS, 


volume 11, page 459, 1923 and volume 12, page 389, 1924. 
* M. Guierre, “Radio Review,” volume 2, page 618, 1921. 
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In order to get more reliable data at these greater distances, 
observations were taken in August and September, 1924, at San 
Diego, California, on the signals from Cavite, Philippine Islands, 
and from Malabar, Java, the distance from Cavite to San Diego 
is 11,000 km. with a difference in time of eight hours. This gives 
about two hours for observations in September without approach- 
ing the time of sunrise or sunset too closely. The distance from 
Malabar is 14,700 km., with a time difference of nine hours. 
These are about the greatest distances that can be obtained for 
all davlight and approximately all water signal path with the 
present high-power stations of the world, except perhaps bet ween 
Japan and Chili. This last would, however, give about ten hours 
difference in time and bring the sending and receiving stations 
rather close to their respective sunrise and sunset times. 

The receiving measurements were made in the United States 
Naval receiving station, Point Loma, San Diego, under receiving 
conditions which, while not ideal, are believed to have given 
errors not greater than twenty per cent. On account of the weak- 
ness of the signals, in comparison with the atmospheric distur- 
bances, and to keep out strong interference from eastern stations, 
it was generally found necessary to make the measurements оп 
Cavite and Malabar with uni-directional reception, using the 
general type of circuit deseribed in the work on the direction of 
atmospheric disturbances in 1920. 

The arrangement of circuits is shown diagrammatically in 
Figure 1. Here А is a single-wire antenna approximately 30 m. 
long and 20 m. high, B a square coil antenna of 48 turns and 
2.44 m. on a side. This was mounted so as to be capable of rota- 
tion, with its lower side about 3 m. from the ground. C is an 
Intermediate eireuit. to reduce interference, Ð is the detector 
circuit, and Æ represents three stages of radio-frequency trans- 
former coupled amplification adjusted to prevent regeneration. 
F is а heterodyne generator for producing the local oscillations 
for beat reception, А is a telephone comparator.® consisting of 
a General Radio tuning fork oscillator which generated a thou- 
sand evele current Which was measured on a thermo-galvanometer 
and then passed through a voltage divider and resistances so 
that a known 1,000-evele emf. could be impressed on the tele- 
phones. In making the measurements, the heterodyne was ad- 
justed so as to give a beat frequency with the signal equal to 


5 L.W. Austin, "Jour. Franklin Institute; page 619, 1921. 
6 Austin and Judson, PROCEEDINGS oF THe IxsrirUTE оғ Варо EN- 
GINEERS, Volume 12, page 2521, 1921. 
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the frequency on the telephone comparator. Тһе telephones 
could than be switched rapidly from the receiver to the telephone 
comparator, and the voltage divider adjusted until the telephone 
note was of the same intensity:in each. The couplings between 
B, C, and D were all loose and remained fixed during the whole 
course of the experiments. The heterodyne was coupled to the 
detector so as to give the loudest signal, and the coupling was 
separately adjusted for the different wave lengths received. The 
inductance L was connected to the antenna thru a reversing switch 
so that the elevated antenna coil combination could be made to 
receive from either direction in the plane of the coil, while recep- 
tion from the opposite direction was practically zero. 

The receiving set was calibrated by introducing & known 
emf. in the coil antenna from the radio-frequency generator G. 
This consisted of & tuned plate electron tube generator proper, 
the output current of which, after being measured with а thermo- 
element and galvanometer passed thru an attenuation box 
(artificial line) 7, kindly loaned by the Western Electric Com- 
pany. From this it passed to a 1-ohm resistance S inserted in 
the loop. Ordinarily the current from G was adjusted to 1.6 
milliamperes, which was reduced in the attenuation box 7 to 
1/500th of its value, thus giving 3.2 microamperes in the resist- 
ance S. То prevent capacity coupling, the coil antenna was 
grounded at one terminal of S. The generator with its dry cell 
batteries and the attenuation box were enclosed in grounded 
copper boxes, as was the whole receiving set with the exception 
of the coil antenna. 

The calibrating generator was furnished with а fixed con- 
denser giving a frequency of 23.06 Кс. (13,000 m.). It had been 
intended to replace this in San Diego by а variable condenser 
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so that calibration could be made at all the frequencies of the 
stations being measured. Unfortunately no variable condenser 
was found available which was small enough to be used in the 
copper box, so that it was necessary to do the calibrating at the 
single wave length and make corrections for the effect of change 
of frequency. Ав the calibration was made on the coil antenna 
with the elevated antenna disconnected, a correction for the 
presence of the elevated antenna in the reception of the signals 
was also necessary. "This correction was determined by meas- 
urements made on the stronger stations with and without the 
elevated antenna. Reversal experiments with the coil antenna 
showed that the effect of its capacity to earth was negligible. 

Table I gives the date for calculation of the field intensities 
of the sending stations. The Malabar antenna? is suspended by 
steel cables in a mountain ravine about 1.5 km. wide at the top 
and with an average depth of about 550 m. According to infor- 
mation kindly furnished by Mr. Schotel of the Dutch Colonial 
Office, the antenna current is approximately 500 amperes at the 
frequency measured in San Diego. Estimates of the radiation 
height, from measurements made at moderate distances, vary 
between 320? and 480 m. These varying results are probably 
due to the mountainous character of the surrounding country. 
In the calculations the lower value, 320 m. has been used. Even 
with this value the observed to calculated ratio of Malabar at 
San Diego is considerably less than that of Cavite, notwith- 
standing its greater distance. This may be due to the moun- 
tainous surroundings. 


TABLE I 
TRANSMITTING STATION DATA 
Pearl | Tueker-' Cavite | Mala- 


Harbor ton bar 
NPM WAG NPO РКХ 


Frequency. ke 24.80 18.86 19.34 18.98 


Wave length, m 12.090 | 15,900 | 15,500 | 15,800 
Antenna current, Amp. 170 470 180 500 
Radiation height, m... 120 67.5 | 120 320 
Distanee, km......... 4,200 | 3,800 11,800 | 14,700 


1 C. J. DeGroot, PROCEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, 
volume 12, page 693, 1921. 
з Other engineers give even lower values. 
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Table II shows the field strength in microvolts per meter 
for 1 ohm on the voltage divider of the telephone comparator at 
the various frequencies observed, with the amplifier adjusted so 
that 3.2 microvolts in the coil B gave 50 on the telephone com- 
parator. 


TABLE II 


TELEPHONE COMPARATOR Factor (А) FOR VARIOUS 
| FREQUENCIES 


Comparator reading X А = Electric field intensity іп micro- 
volts per meter. 


On account of an accident to the calibrating apparatus and 
delays in getting replacements, the first part of the work had to 
be confined to comparisons of Cavite (NPO) and Malabar 
(PKX), with the stronger stations, Pearl Harbor (NPM) and 
Tuckerton, New Jersey (WGG). Тһе Cavite and Malabar 
average readings were later reduced to microvolts per meter, . 
assuming that the average strengths of Pearl Harbor and Tucker- 
ton were the same as their averages during the second period 
when the calibrations were being made. 

Table III gives the comparator readings and the ratios of 
the various stations for the first period of the observations, 
while Table IV shows the results during the second period when 
the field intensities were measured directly. 

The observations contained in the tables were all taken be- 
tween two ала four o'clock in the afternoon, Pacific time. А 
few observations taken in the morning when the signal path was 
partly in daylight and partly in darkness, indicated & somewhat 
greater strength than the afternoon observations; while observa- 
tions taken by the station operators at the time of darkness along 
the whole signal path, were reported to be many times stronger 
than the daylight observations, approaching at times the strength 
of Pearl Harbor (NPM). 

The final values of the field strengths of Cavite and Malabar 
as derived from comparison with the signals of Tuckerton and 
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Pearl Harbor, and by direct measurement, are shown in Table 
V. Below the average observed values are given the values cal- 
culated from the Austin-Cohen formula, 


TABLE III 


CoMPARISON8 оғ CavITE (NPO) AND MaLABAR (РКХ) wiTH 
TuckERTON (WGG) AND PEARL Наввов (NPM) 


Telephone Comparator Telephone Comparator 
Readings Ratios a 
Se ee ie [UE 


— — | 


NPO | NPO | РКХ | РКХ |Mv./m. 


P n GA D 


. 5515 


3.0 
6.3 
4.3 
4.3 
5.0 
4.3 
3.0 
6.3 


12.591 19.60 7.05) 9.08| 


TABLE IV 


DIRECT MEASUREMENTS USING THE CALIBRATING GENERATOR 


Pearl Harbor| Cavite Tuckerton | Malabar At- 


(NPM) (NPO) (WGG) (PK X) mos- 
| | rr 
Se el- | Ё |Теје- | £ Tel-| E |тее-| Е dud 
p. hone| ^" |рһопе| БІ” iphone | "*: |рһопе| FY: |рапсев 
19 omp. m отр. т. |Сотр. m, отр) т. |му/т 


——— |— — |——— |—— | —— | ----- | L————— | === 


20 30 | 20.1 50 | 27.2 1 
70 | 38.1 
40 | 16.1 60 | 32.6 
70 | 38.1 
22 60 |242 | 40| 2.0 | 70 | 38.1 | 13.0 | 6.8 | 5-10 
90 | 49.0 


——— |—M | —— | ———— ——M | — —À—— | MÀ | tS | n — €— n8 талым» 


Average| 48.3 | 19.4 | 4.51 2.27 75 1 40.9 | 8.11 4.2 


E- 377 Ih E £g" (1) 


Ad sin 0 
where и = 0.00154; 4/ ; and @ is the angle between the stations 
from the center of the earth. 

The observed value of field intensity in the case of Cavite 
in Table V is seen to be approximately three times that calcu- 
lated from equation (1), while the observed strength of Malabar 
is about twice that calculated from equation (1). These ratios 
of observed to calculated values are much less than those given 
in M. Guierre’s paper.’ 


TABLE V 


AVERAGES OF FIELD INTENSITY 


| Cavite Malabar 


From direct measurements.......... | 


From comparison with NPM 
From comparison with WGG. . 


Observed averages... ....... 


Calculated from equation (1)..... 


SUMMARY: The paper describes measurements on the daylight radio 
field intensity produced in San Diego, California, by the arc stations at Cavite, 
Philippine Islands, 11,800 km., and Malabar, Java, 14,700 km. distant. These 
distances are nearly twice as great as any previously studied, except for a few 
scattered measurements. The average observed intensities were, from Cavite 
2.04 ^ v. / m.., and from Malabar 4.02 & v.. m., while those calculated from the 
Austin-Cohen formula are respectively 0.69 «у. m., апа 1.83 ^ v.. m. These 
ratios of observed to calculated values indicate an increase in the divergence 
from the formula with increasing distance, but not so great as was indicated 
by earlier scattered observations. 
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THE MAGNETRON AMPLIFIER AND POWER 
OSCILLATOR* 


Bv 
FRANK R. ELDER 


INTRODUCTION 


It is well known that there are two general methods of affect- 
ing the motion of charged particles, namely by an electrostatic 
field or by а magnetic field. "Therefore in electron tubes these 
principles may be employed to control the flow of electrons. As 
an example of the first type we have the ordinary three-electrode 
tube or radiotron. The second type is exemplified by the mag- 
netron. There are two kinds of magnetrons. In the first the 
magnetic field coil which acts as the control member is external 
to the tube, while in the second the magnetic field of the current 
that heats the filament is the control agent. 

The radiotron has come into quite general use and its capa- 
bilities have become well known. Тһе magnetron is still in its 
infancy, however, and comparatively little has been written 
about it. The magnetron has been described and some of its 
uses briefly mentioned in а paper by A. W. Hull! The axially- 
controlled magnetron has been described by the same author.’ 
It is the purpose of the present paper to set forth in detail some 
of the data which have accumulated in this laboratory on two 
applications of the magnetron, first as an amplifier and second 
as а power oscillator. 


DESIGN OF TUBES 


The magnetron is a vacuum tube with two elements, a fila- 
ment and an anode, like a simple kenotron, its only distinguish- 
ing feature being the symmetrical arrangement of its electrodes. 
As generally made, the filament was a single strand of wire in the 
axis of the anode (Figure 1). A spiral spring in series with the 
filament served to keep the filament straight when heated. The 
anode, which was usually of molybdenum, was spaced from the 
glass wall of the container by spirals of fine molybdenum or tungs- 


* Received by the Editor, September 20, 1924. 
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ten wire attached near the ends. In order to prevent eddy cur- 
rent losses in the anode as much as possible, the anode was split 
longitudinally. Тһе anode lead was sometimes brought out thru 
the side as shown in Figure 1, or at the end as shown in Figure 2. 
In the second case the anode lead had to be protected by a glass 
tube (or & quartz tube if high voltage was to be applied to the 
anode), otherwise the symmetry of the device was spoiled and 
the magnetic control made very poor. It was also observed, 


FicvRE 2—Magnetron 


when high voltage was applied to the tube of the form shown in 
Figure 1, that tiny bright arcs frequently appeared, when the 
magnetic field was applied, at the points of contact of the sup- 
porting spirals with the glass wall. This led to the construction 
shown in Figure 3 where the anode was supported by conical 
spiral springs terminating in quartz insulators. 


Figure 3—Magnetron 


Many sizes of tubes have been made and studied; a partial 


list follows: 
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I II ІТІ IV 


34 X114" 17 х4" 1" x12" 1142" X 13%” 
1.9x3.31 2.54X10.16 2.54 Х80.5 3.17 Х4.45 cm. 
V VI VII VIII 

ore х9” Ot x4" OM x6" 4" x 12" 


5.08Х5.08 5.08Х10.16 5.08Х15.25 10.16х30.5 em 


The first dimension given is the anode diameter, the second 
dimension the anode length. 'The sizes marked IV and V were 
used chiefly as amplifiers while all sizes were studied as oscil- 
lators. With the first & few watts output at about 180 meters 
was obtained; with the last several kilowatts at 10,000 meters. 


THEORY 

In the absence of a magnetic field the current which can flow 
between a cathode and a concentric cylindrical anode tube is 
given by the relation (9) (t), 

{= 14.65 X 10-5 —— y (I) 
r B? 
where 7 is the current іп amperes, l the length, and r the radius 
of the anode, V the voltage of the anode, and £? a factor depend- 
ing upon the ratio of the radii of anode and cathode. For prac- 
tical tubes £? is approximately unity. 

If now а uniform magnetic field is applied parallel to the axis 
of the tube, this current is not affected until a certain critical 
value of field H is reached when the current falls abruptly to zero, 
The relation between voltage and field has been shown to be ° 


V=8£r? H? 
m 


where V is the voltage of the anode, r the radius of the anode, 
and H the applied field, e the charge, and m the mass of an elec- 
tron in e.m. units. In practical units (volts, cm., gausses), 


this equation is V = 0.0221 r? H? (11) 
This may also be written in the form 
НЕ БЕ y! (III) 


That this is the correct relationship bas been abundantly verified 
by experiment. А series of characteristics taken on а 4" X12” 
tube is shown in Figure 4. There may be a small residual cur- 
rent with strong field due to electrons reaching the anode after 
colliding with gas molecules. The steep portion of the curve 
is not quite vertical but becomes more nearly so as the voltage 
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is increased. For moderate voltages а 10-percent change іп mag- 
netic field suffices to change the current from the full space charge 
value of equation (1) to practically zero. 
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Figure 4—Characteristic Curves 4" X12" Magnetron 


Part I 

THE MAGNETRON AMPLIFIER 

Most of the amplification tests were carried out at a wave 
length of 8,000 meters, and the discussion will be limited to the 
results obtained at this wave length. 
THE CIRCUIT 

The circuit used in these tests is shown in Figure 5. The field 
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coils serve to “polarize” or “bias” the plate current to some point 
on the steep part of the characteristic curve (Figure 4), usually 
rather well down on the curve in order to limit heating of the 
anode. At L, and Г are shown the control coils by which the 
signal is impressed оп the tubes, C and Сі аге tuning condensers 
which are variable, and С» is a stopping condenser to prevent 
short circuiting of the plate voltage in case the insulation of C, 
fails. Between the plate voltage supply and the plate of the 
tube is а choke coil to prevent the radio frequency going to 
ground thru the plate battery or generator. 


Ficure 5—Circuit for Magnetron Amplifier 


In order to obtain the best results the impedance of the out- 
put circuit must be made to fit the output impedance of the tube. 
Let us consider briefly the result of impressing a voltage E sin wt 
across the combination C, Сі, L as represented in Figure 6. A 


s 
| ——99 


FIGURE 6 


current i will flow thru the circuit and a voltage e will be set up 
across C and L. As is usually the case with radio circuits, the 
resistance of the coil L can be neglected in comparison with w L, 
and thus in the complex notation, 
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1 ; 1 
oL cos 0 --j (w (c.+ Z) (IV) 


| where cos 0— S DB 
Inverting equation (4) we have 


1 ; 1 ) 
e _ m) cos 0 J С С, 2 L (V) 
4 


1 , Р C ] \3 
(Ar cos ) uc i) 


which is of the form 

: =X+jY (VI) 
where X represents the total impedance of the circuit and Y 
represents the inductive reactance of the combination C and L, 
which is to be tuned out by Ci, when C is a capacity less than 
that required to tune L to resonance at the frequency w. It is 
thus seen that the circuit will act as a pure resistance of any 
desired value X. Reduction of equation (V) leads to 


EE cos () — (4; COS Ji 
d _ wL wL 


C= Ше, ME жн X107 microfarads (ҮП) 


WwW 


and 
-6 
C= Eo = ——-—microfarads 
w Т ~— 2X? (VIII) 
= [60% 0 


TUBE IMPEDANCE 

The tube impedance was found in the following manner: A 
non-inductive resistance R and an ammeter A were substituted 
in place of Cı, С, L (see Figures 5 and 7) and with a constant 
input Г thru coil L the output determined as R was varied. This 
was done for several values of plate voltage. Figure 8 shows 
the results obtained with a 2" X2" tube. At 700 volts and above 
there is à maximum at 400 ohms. Below this value the impe- 
dance of the tube seems to be higher and less well marked. 

Actual test showed that within the experimental error the 
values of C and C, found agree with those calculated from equa- 
tions VII and VIII when the value of tube impedance was used as 
determined from Figure 8. 
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CONTROL COILS 


Several types of control coils were wound up and conipared. 
The results can be briefly summarized as follows: 

(a) Drop turn or bank wound coils gave about 20 percent 
more amplification than ordinary multiple layer coils. 

(b) Litzendraht was about 50 percent better than solid copper 
wire of comparable conductivity. 

(c) The winding length should be at least 1.5 or 2 times the 
length of the anode. 


Field 


FIGURE 7 
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AMPLIFICATION 
In order to determine the amplification obtainable and its 
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dependence upon plate voltage the apparatus was set up as indi- 
cated in Figure 9. (The field coils are not shown). Tube 2 was 
the tube being measured, tube 3 served as the measuring instru- 
ment. The ammeter А», in series with the proper resistance R, 
was calibrated in terms of current in coil L> and the plate voltage 
of tube 3 held constant. In order to avoid uncertainty of input 
resistance the input was introduced thru tube 1. The plate 
voltage of tube 1 was also kept constant. Тһе amplification 
ratio was then the result obtained by dividing the current in L, 
as determined by tube 3, by the input current read оп А). The 
results obtained are shown in Figure 10 where amplification is 
plotted against plate voltage. Ав can readily be seen the ampli- 
fication is practically linear with plate voltage. It is also seen 
that the 114" X134" tube gives higher amplification than the 
2” x2" tube. 


FiccRE 9--Сігеш for Determination of Amplification per Tube 


This method of determining the amplification has the ad- 
vantage that the result found is the real amplification as obtained 
in practice since all losses are included. In order to be certain 
that these results held for the much weaker signals of radio 
telegraphy, the amplification was checked, using а very weak 
signal and testing with a small tube detector, using telephones 
and audibility meter or ''mile-box." The results obtained by 
this method checked the values of Figure 10. 


POLARIZING FIELD 
For demonstration work a pair of Helmholtz coils of any con- 
venient number of turns is very satisfactory, as the field can be 
quickly and easily adjusted; but when the building of a multi- 
stage amplifier is contemplated some consideration must be given 
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Figure 10—Magnetron Amplifier—Amplification per Tube 


the design of field coils. In the first place the coils must be large 
enough so that they exercise no deleterious effect on the control 
coil. If the field is produced by the same voltage as that which 
supplies the anode of the tube, great constancy of this voltage 
is necessary. Figure 11 is a plot of voltage against field. The 
straight line represents the actual variation of field with voltage, 
while the parabola represents the variation required by the tube. 


Field 


Volts 


о Gauss 
Figure 11—Characteristic of Magnetron with 
“Shunt” Field 
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This type of field will be called а shunt field. It is readily seen 
that there is only one point of intersection P. "This point repre- 
sents the only voltage at which the given coils produce the cor- 
rect polarizing field. If, on the other hand, the field is produced 
by the plate current of the tube, its value will be correct at all 
voltages. This is shown in Figure 12. Тһе curves are gauss- 
ampere characteristics of the tube at the voltages Vi, Və, Vs; 
the line Ғ represents the gauss-ampere characteristic of the field 
coils. While this arrangement, which will be called a series field, 
is always automatically stable, the field coils will be very large 
and heavy due to the great number of turns needed to produce 
the field with small plate currents, and further the resistance drop 
will be high. 


Amperes 


0 Gauss 
FicunE 12—Characteristic of Magnetron with 


"Series" Field 

It was decided, therefore, to use a combination of the two 
types of field, the connections being so made that the series field 
added to the shunt field. By adjustment of the resistance in the 
shunt field circuit the tube was brought to the desired operating 
point. It was found that when the series field was of the order 
of 10 percent of the shunt field the anode current remained 
practically constant when the anode voltage varied thru the 
range 40025 volts. It was thought that this provided ample 
margin to care for all ordinary fluctuations of the voltage supply. 
It was also found that the series field was a sufficiently good 
choke at the frequencies used so that an additional choke coil was 


unnecessary. 
168 


MULTI-STAGE ÁMPLIFIER 


The separate parts having been worked out, they were finally 
incorporated into a four-stage amplifier. Тһе tubes used were 
the 114" x 134" tubes and the plate voltage supply was about 
400 volts. This should give, according to Figure 10, an amplifi- 
cation of between 5- and 6-fold per stage. Тһе control coils were 
wound up of litzendraht (32 strands of 0.005" enameled wire) 
in the form of 10-layer bank wound coils of about 700 turns. 
The inductance was approximately 8 millihenrys and the re- 
sistance 6 to 6.5 ohms at a frequency corresponding to 10,000 
meters. While these 700-turn 10-layer coils gave no better con- 
trol than 300-turn 4-layer coils, the much higher value of in- 
ductance determined the choice, since the condenser units re- 
quired were much smaller with the large coils. The diagram of 
connections is shown in Figure 13. Ав first set up, no shielding 
was provided and as a result never more than two stages could 
be operated. Тһе amplifier was therefore rebuilt providing a 
copper lining to the box and а copper partition between each 
stage. There resulted an amplifier which was much more stable. 
With very careful adjustment all four stages were operable and 
three stages under practically any circumstances. With strong 
signals, such as those from the New Brunswick Station, the re- 
sults were very good. When the atmospheric conditions were 
not too bad, signals from POZ, Nauen, Germany, were heard. 
The development of the magnetron amplifier was not pushed any 
further than this, but work taken up on the magnetron oscillator 
which will be the subject of the remainder of the paper. 

Experience gained with the magnetron oscillator, where a 


Figure 13—Circuit for Four-Stage Magnetron Amplifier 
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similar circuit was used, makes it seem probable that a great deal 
of the difficulty with the amplifier was due to improper shielding 
and that it would be entirely possible to redesign the amplifier 
and make it just as stable and give as much amplification as the 
same number of three-element tubes. 


Part II 


THE MAGNETRON A8 A PowER OSCILLATOR 

In the development of the magnetron oscillator, two circuits 
have been used. There is no choice between the two on the basis 
of efficiency. Тһе first circuit was used by Mr. Glenn Mercer 
in the early work on the magnetron and is illsutrated in Figure 14. 


Field 


PIE 
сус. 
Figure 14—Circuit for Magnetron Oscillator 


The second circuit, which has been used by the present writer, 
is shown in Figure 15 and will be easily recognized as the same 
circuit used in the amplifier but modified to suit the oscillator 
case. This circuit will be the only one discussed in detail. It 
is somewhat simpler of adjustment and in ease of operation and 
has been chosen for this reason. 

Since the magnetron is a rather unfamiliar object outside of 
this laboratory, it seems advisable to give a rather full descrip- 
tion of the component parts of the circuit in order to give & 
clearer conception of the proportions of these parts. For the 
sake of simplicity, the whole discussion will be based on the 
4"X12" magnetron. Obviously mutatis mutandis, it applies 
equally well to all sizes of tubes. 
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- А.С 
60 cuc. 
FicurE 15—Circuit for Magnetron Oscillator 


DESCRIPTION OF CIRCUIT 

The “polarizing” or 'biasing" magnetic field Н, is produced 
by a pair of Helmholtz coils or other combination of coils giving 
a sufficiently extended and uniform field. These coils must be 
large enough in diameter to avoid seriously affecting the opera- 
tion of the tube by coupling with the control coil L. This coup- 
ling manifests itself in two ways: high voltages may be induced 
in the field coils causing breakdown of the insulation, and sec- 
ondly, the apparent inductance of the coil L is decreased and 
its resistance increased which means a loss of useful power. This 
coupling effect is absent or negligible at power frequencies but 
becomes of more and more importance as the frequency rises. 

Coils of an inside diameter of about 24” are satisfactory. The 
particular set used consists of five identical coils arranged as 
indicated in Figure 16. Each coil has a winding section of 2" X4”, 
an inside diameter of 22" wound with approximately 4,000 turns 
of 0.040" enamelled wire and then impregnated with insulating 
varnish. Each coil weighs about 125 pounds and has a resistance 
of about 172 ohms. "The coils are all connected in multiple across 
the 250-volt shop lines with & variable resistance in series. The 
current thru the middle coil (coil 3) was adjusted by а series 
resistance X, so that there resulted а field uniform to within less 
than 1 percent thruout a volume represented by a cylinder 6" 
in diameter and 16" long. This was done by trial using a small 
magnetron as an exploring instrument.* The constant for the 
system is 45.3 gauss per ampere combined current and was de- 
termined by comparison with а standard solenoid. 

The filament is generally lighted from an alternating current 
supply. А small transformer of the proper rating with a mid- 
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point tap brought out from the low voltage winding has proved 
satisfactory. 

The control coil L when used at high frequency should be 
wound with litzendraht in a single layer. Тһе coil used had the 
following constants: 124 turns of 12-conductor litzendraht (12 
insulated conductors wrapped around a rope core and again in- 
sulated, each conductor consisting of 32 strands of 0.005" en- 
amelled copper wire braided together). "This cable will carry 
about 40 amperes at 30,000 cycles without too great loss. The 
coil was wound on a form of small maple slats giving а mean 
winding diameter of 714” and а length of 24". Тһе inside 
diameter of the slat form was 57$" giving а ventilation space 
between it and the tube. "The inductance of the coil was 0.795 
millihenry and had an effective resistance of approximately 0.6 
ohm measured at 12,300 meters and with & tube inside the coil. 

For power frequencies the control coil presents much less of a 
problem. Any suitable size of wire may be used and further, the 
voltage per turn being less, multiple layers may be used as insu- 
lation difficulties are not encountered. 

The main tuning condenser C consisted of а bank of four 
0.012 microfarad mica condensers connected in multiple. Тһе 
combined capacity was 0.505 microfarad, rated for 15,000 volts 
and safely carried 50 amperes at 10,000 to 12,000 meters. 

The condenser Сі, or bridging condenser, which also serves 
as a stopping condenser, was variable to allow operating adjust- 
ments. The capacity range was 0.0013 to 0.0029 microfarad 
and would withstand 20,000 volts. 

The load is represented by the resistance R. The total re- 
sistance of the circuit was of the order of 6 ohms. 

The choke coil was a single layer solenoid wound with 0.064” 
double cotton-covered wire and treated with insulating varnish. 
The form was a piece of insulating tubing 1314" in diameter by 
48" long. The maximum inductance was 30.5 millihenry and 
convenient taps were brought out to allow adjustment. 


TUBE OPERATION 


It is obvious that for efficient operation of the tube, the plate 
current must flow at a time when the plate voltage is low. Тһе 
control field must therefore be in phase with the instantaneous 
plate voltage. Тһе instantaneous plate current which flows will 
thus be 180? out of phase with plate voltage and control field. 
Such a set of conditions is represented іп Figure 8. At (a) is 
shown the instantaneous plate voltage e, as a sine wave of maxi- 
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FicureE 16—Magnetic Field—Coil System 


mum amplitude V superimposed on the impressed direct voltage 
V, The minimum value of e, will be termed the emission 
voltage Ve. | 


Figure 17—Section Thru Control Coil Support 


At (b) is shown the instantaneous plate current 7,, trape- 
zoidal in shape, rising from a value zero to а value 7, in the time 
angle (0; — 0;), remaining equal to J. for the time 2 б, and falling 
to zero again in the time (0; —0;). The average value of ip as 
read on а direct current ammeter is shown by the dotted line 1,4. 

Finally at (c) is shown the control magnetic field as a sine 
wave of amplitude Н superimposed on the ''biasing" field. H.. 

While at first sight the choice of wave shapes seems rather 
arbitrary, nevertheless such is not the case. As the alternating 
control field is of considerable magnitude, the current thru the 
coil must be large, and thus there is a large ratio of circulating 
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volt-amperes to dissipated watts. Тһе control current is thus 
very closely sinusoidal and produces a sinusoidal voltage across 
the coil L and condenser C. Тһе plate voltage e, also will be 
nearly sinusoidal in the absence of other means of distorting it, 
and oscillograms show this to be true. Тһе choice of & trape- 
zoidal shape for the plate current rests entirely on experiment, 
that is, the oscillographic record. Measurements on films show 


the time angle (0, — 0;), to be approximately s and for simplicity 


of ealeulation has been so chosen. Тһе departures from these 
simple forms in actual practice are slight and lead. to no appre- 
ciable errors. 

Having considered the wave forms, the actual magnitudes 
can be discussed in a general way. Тһе tube is characterized by 
three important features: (a) voltage rating, (b) filament rating, 
and (c) the maximum safe continuous power dissipation at the 
anode. The voltage rating determines the applied direct voltage 
Т», while the filament rating fixes the maximum current that 
should be drawn thru the tube. This value of current has been 
designated Г. and is the maximum electron emission compatible 
with the desired life of the filament. Тһе power dissipation of 
the anode determines the maximum output permissible. 

Efficient use of the electron emission from the filament then 
demands that the minimum plate voltage does not fall too low. 
By use of equation (1) the proper value of Ve can be calculated. 

The values of H, and H will be determined by applied plate 
voltage Ро, the constants of the control coil L, and the power 
output desired. А rather wide variation of relative values of H, 
and H is permissible, thus allowing considerable latitude for 
adapting them to the case at hand. In any case, however, the 
value of H should not be much in excess of the value of H,, since 
then there is a possibility of a field (in the reverse direction to 
H.) of sufficient strength to prevent electrons from reaching the 
anode at the voltage V.. 

Having thus considered the general features of tube operation, 
detailed calculation. of expected performance can be made. 
Referring to Figure 18, let, 

V.=impressed direct voltage measured with respect to the 
filament. 
V, = minimum instantaneous plate voltage. 
V =amplitude of alternating plate voltage. 
eP—instantaneous plate voltage with respect to the fila- 
ment. 
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7,—instantaneous plate current. 

Г. = maximum instantaneous plate current. 
I,-average plate current. 
Н = **polarizing" or “biasing” field. 

Н =amphtude of alternating control field. 
0; — time angle during which current flows. 
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Fictre 18—Plate Voltage, Plate Current and Magnetic 
Field Relationships in Magnetron Oscillator 


It then follows that neglecting the filament loss, the instan- 
taneous power input into the system is V, /,, the instantaneous 
tube loss is е, г, the instantaneous output is V, 7,—e, ip, the 
; ЧИ" .oVoly—e51, | 
instantaneous efficiency 15 p ) o*a Oda order 10 obtain 

ol 
average values, these instantaneous values must be integrated 
over a complete cycle, thus the 


: i жалғап қ 
Average power input is P= if Гоа E ТЫ Ls (IX) 
| 1 cn М 
Average tube loss is Р! = = -f ey 1, d 0 [5 
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Average tube output is P—P,=V, "P е,і,404 (ХІ) 


1 T 
Vln sh f tind (ұн 


Vol pa 
If at the time (—0, 06-0, and e, — Ve, then we have 
e) V,— V cos б, and i, — I, from 0 = 0400 —0,, and i, = ы =) 


0,— 0 
from 0 —6, to 0 —6,. 
Since the cycle is symmetrical about 0, and no current flows 


Te (4,44) 
2 


Л 


Average tube efficiency is 7 = 


after 0 = 0,, we have for the average plate current Ipa 
ө; 

and for the average tube loss Р; = -- f ep ip dÜ or 
1.7 —01 


1 Өз 
һ-1( ey i5 dO. 
N Јо 


Substituting in the value of e, P А 


Р, = LS E e- V cos) 40+ „(= t) v- V cos 0) 40 
1 


and carrying out the TER TS indicated, 
LY.(h-8), LV 
27 л z (02—01) — (1) 


Now the power input is P= V, I p = LIe Vo | 


(cos0; — cost) 


at"), and hence 
22 


Р, = 


the power output is 


I.V 
P= — (0,2-6) (cos 0, — cos0,) = x (0; 8) (cos Ө, — cos б») 


1 
and the efficiency is 7= = (cos Ө,— соз 0.) "END 
о -6) (er^ ; ). 


І.У 


Experiment having shown that 0; — 0; is 5 there finally results 
р= 1% : (20, + 4 (XIII) 
2л 
1, 6 
Р,= 25 “(26.3 5) -SLV (eos 6, —cos 8) (XIV) 
Р, = 5 I. V (cos 0, — cos 0.) (XV) 


6/V 
у= (т) (cos 9, — cos 0) ae 
л | (20-5) (XVI) 
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In Table I are given data for use in equations XIII to XVI 
calculated for values of 9; from 0° to 90°. 


TABLE I 

А (cos 0, — 

Cosi}; — E 6 

às | oue | РТ I | РВ, ЕЕ 

|! 10,=0 cos 02) — —————- 
$ 30° 2) л? 2 л 0, + 0. 

2x 

0 1.000 0.1340 0.0815 0.0833 0.9779 
5 0.9962 0.1770 0.1076 0.1111 0.9685 
10 0.9848 0.2188 0.1330 0.1389 0.9576 
15 0.9659 0.2588 0.1573 0.1667 0.9438 
20 0.9397 0.2969 0.1805 0.1944 0.9285 
25 0.9063 0.3327 0.2023 0.2222 0.9102 
30 0.8660 0.3660 0.2225 0.2500 0.8900 
35 0.8192 0.3966 0.2411 0.2778 0.8679 
40 0.7660 0.4240 0.2578 0.3056 0.8435 
45 0.7071 0.4483 0.2725 0.3333 0.8177 
50 0.6428 0.4692 0.2852 0.3611 0.7899 
55 0.5736 0.4864 0.2957 0.3889 0.7603 
60 0.5000 0.5000 0.3040 0.4167 0.7295 
65 0.4226 0.5098 0.3099 0.4444 0.6974 
70 0.3420 0.5156 0.3134 0.4722 0.6638 
75 0.2588 0.5176 0.3147 0.5000 0.6293 
80 0.1736 0.5156 0.3134 0.5278 0.5939 
85 0.0872 0.5098 0.3099 0.5555 0.5579 
90 0.0000 0.5000 0.3040 0.5833 0.5211 


The relation between plate voltage and plate current is given 
in Figure 19 as calculated from equation (I). Тһе ratio of maxi- 


mum plate voltage swing to impressed voltage or r is given in 


Figure 20 for values of emission current J. from 0 to 10 amperes 
and from 5,000, 10,000, and 15,000 volts for V.. 

Figure 21 gives the average plate current Ipa as а function 
of time angle Ó for emission values of 1, 2, 4, 6, 8, and 10 amperes. 

А set of input, output, loss, and efficiency curves has been 
calculated from the data of Table I and figures 19, 20, and 21, 
for filament emissions of 2, 4, 6, and 8 amperes and an applied 
direct voltage of 10,000 volts. These curves are plotted in Figure 
22. Inspection of this figure shows that maximum output is 
obtained for a time angle of 9, — 75? and, based on this value, 
Figure 23 represents the relaticn between output and applied 
voltage for a filament emission of 4 amperes. 
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Сікссіт DESIGN | 

In order that the calculated performance may be realized the 
various parts of the circuit must be properly proportioned. In 
Figure 24 is shown the vector diagram of the current and voltage 
relationships of the circuit, tho somewhat distorted in order to 
obtain clearness in the drawing. This diagram is drawn keeping 
in mind the fundamental facts (see Figure 18) that plate voltage 
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Гіссне 19—Space Charge Current for 4312" Magnetron 
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Figure 21--Ауегаге Plate Current as a Function of Time Angle 
4" X12” Magnetron 
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FiGURE 22—Input, Output, Loss and Efficiency Curves for 4" X12” 


Magnetron Operating at 10,000 volts, D.C. 
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Figure 23—Output as a Function of Plate Voltage for 
4" X12" Magnetron 


should be in phase with control current and that plate current 
should be 180? out of phase with plate voltage, therefore Zr and 
е, аге laid off in the same direction and to the proper scale, while 
1 is laid off in the opposite direction along the same line. Тһе 
current Zr flows thru inductance L and resistance R which gives 
a component w Г, Гг, lagging 90° behind Jz and a component 
R Ir in phase with Iz (see Figure 15). Тһе resultant voltage E. 
is also impressed across condenser C and thus gives rise to the 
current Г. leading Ec by 90°. Аз а resultant of Iz and Ie we have 
the series line current 7;,, and this current flowing thru condenser 
С, gives the voltage Ес, where Ic, leads Ee, bv 90°. The plate vol- 
tage e, must then be the resultant of Ec and Е.. If it were not for 
the choke coil the plate current would have to be Ic’, which is Ze, 
reversed, since the vector sum of the currents leaving and enter- 
ing such a point as 0 must be zero. The plate voltage e, is also 
impressed across the choke coil, thus елд. coincides with ер, 
but the ckoke draws a current Гоо lagging 90° behind ej. 
This choke current then combines with Jc,’ to give as a resultant 
ір and if the choke is properly designed г, can be brought in line 
with Zr and e, and in the opposite direction, as was required 


Initially. 
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FicvnE 24— Vector Diagram for Magnetron Oscillator 


A further consideration of this diagram will show that the 
frequency of oscillation w will be such that << о, where а cor- 
responds to the frequency calculated from wo L C — 1. 

One further point must be considered in circuit design and 
that is the equivalent series resistance of the circuit L,C, R. The 
tube cannot operate efficiently unless this circuit has the proper 
resistance value. Тһе curves shown in Figure 25 were taken 
with а 4" X 12" tube working into a pure resistance (see Figure 
7). Аз can be readily seen, the curves are relatively flat but show 
a slight maximum at about 1,500 ohms. Numerous tests have 


Ir? R 
IA = 1,500 ap- 


shown that best results are obtained when 


approximately. 
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igure 25— Plate Resistance of 47X12” Magnetron 


As an example the detailed caleulation of a circuit will be given 

An output of 10 kw. 1s desired at a frequeney of 15,000 meters 
and the available direet voltage is 10,000 volts. 

The tube is a 4 12" magnetron and has a filament rating of 
22 volts and 17.5 amperes. (This corresponds to an 0.020” 
diameter tungsten filament running at 2.500? K., and will give 
an emission of 4 amperes with a Ше of about 1,000 hours.) The 
safe eontinuous plate dissipation is 5 kw. 

The control сой Z will be assumed to have an inductance of 
1.0 millihenry and wound 2 turns per em. with cable suitable to 
‘carry 40 amperes at this frequeney. 

Referring now to Figure 22 on the curve for 7, —4 amperes, 
it is found that the angle 8, 2 50? corresponds to an output of 
10 kw. and a loss of 4.45 kw. The filament loss is 0.385 kw., 
giving a total loss of 4.84 kw., which is well within the tube 
rating. From Figure 21 we find that the average plate current 
is 1.445 amperes. Since the plate supply is 10.000 volts, the total 
plate input із 14.45 kw., whieh cheeks the loss output figures. 


182 


Since the wire of the control coil is rated at 40 amperes, we 
must have R=6.25 ohms. Тһе R Ir drop then becomes 250 
volts, and since 15,000 meters corresponds to о = 125,000, we have 
w 1,1ь„= 5,000 volts. This gives E-=5,006 volts. Тһе angle 4 
is given by tana = =. or tan a =0.05 and a=2° 51.'7. 

(0 

Since the equivalent series resistance of the circuit must Бе 
1,500 ohms, we have 1,2 R' = Iz? R from which Га = 2.582 amperes 
By the sine rule UE eae ыз 
and applying this 8= 19292197 Y —47?59/.3, and 1.238.315 
amperes. Since Г. = C о Ес, we have C = 0.06128 mf. 

As a check value on these values, we may calculate the equiva- 
lent series resistance of the L, C, R circuit from the formula 


R 


Te Se ez 
m? RL I* (т? — 1)? 
where R is the actual resistance in the circuit, L the inductance? 
C the capacity, and m the ratio of the actual frequency to the 
resonant frequency. 

In this case R=6.25 ohms, C=0.06123 mf., L —1.0 milli- 
henry, and w= 127,800 since w.»/LC=1. This gives т = 0.9781 


and m? pt + (m? — 1)? = 0.004163 from which В” —1,501.3 ohms. 


For & current of 4 amperes thru the tube, Figure 10 shows the 
necessary voltage to be 1,300 volts, which is then the value of Ve. 
This gives V =8,700 volts, but as the vector diagram deals with 
root-mean-square values we have for e, the value 6,152 volts. _ 

In Figure 24 it, is seen that Fa=~W(wLI1)?+(ep— -R I1)’. 
Now w L IL = 5,000 volts and e; — R Iz= 5,902 volts, which gives 
Ec, =7,735 volts. This value Ес, must be produced by the cur- 
rent Jc, flowing thru C,, hence ЇГ, = C; о Ec, from which 
Сі--0.00267 mf. | 

For the choke coil current we have I4,,.-—1.,sin'y or 
I choke = 1.914 amperes. The voltage across the choke coil being 
€, in value or 6,152 volts, the choke coil must then have an in- 
ductance of 25.72 millihenrys. 

There finally remains the calculation of the polarizing field 
necessary. Тһе angle 9, has been determined as 50?, so that 
6, =80° The magnetic field must therefore become of such a 
value as to prevent electrons from reaching the anode at this 
time. The plate voltage is given by V, — V cos 80°, which is 8,500 
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volts. Referring now to Figure 26, it is seen that the magnetic 
field necessary at this voltage is 121 gausses. Using the formula 
Н =0.47 N I, the current constant of the control coil is found 
to be 2.5 gausses per ampere, and as Iz = 40 amperes (root-mean- 
square), Н —141 gausses. At the time 9,=80°, H cos 0, — 24.5 
gausses. This gives then for the polarizing field Н, = 145.5 
gausses. 


Geuss 
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Ғіссве 26—Critical Field for 4" X12" Magnetron. 
V =0.0221 r? Н? 


By proper design of the coils the field can be conveniently 
furnished by the average plate current. In order to do this, the 
filament transformer mid-tap is connected to one terminal of the 
coil system and the other terminal grounded. It is then neces- 
sary to shunt the coils with sufficient capacity to by-pass the 
alternating component of the plate current. If sufficient 
copper в used in thecoils the RI drops will be low and the loss 
correspondingly small. This scheme has the advantage of 
automatically adjusting itself, but it suffers from the lack of 
flexibility. 

Some form of forced ventilation between the control coil and 
the glass tube is necessary in the large sizes. In order that a 
4" x 12" tube may dissipate 6 kw. continuously at the anode, a 
half horsepower blower furnishes sufficient air. 
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TESTS 


Numerous tests have been carried out at both high and low 
frequency, and several oscillograph films taken. In Table II will 
be found a few typical results. These tests were made at different 
times and with different tubes. The wave length was about 
12,000 meters, and the tubes were self-excited. Under the head- 
ing, "calculated efficiency,” the calculations were based on a value 
of 4 amperes for filament emission since the filaments were run 
at a temperature such as to give this value. 


TABLE II 


Calcu- 

i Los Input | Output 5: Effh- lated 
Volts | Amps.| Kw. Kw. ; ciency Effi- 
Percent | ciency 

Percent 


As will be readily seen, the results obtained agree as well as 
can be expected with the calculated performance. In order to 
have a permanent record a few films were made at lower fre- 
quency. Figure 27 was taken with the tube non-oscillating, that 
is, with the tube directly across the generator, and there was no 
load on the tube. Curve A is the 40-cycle control current of 6.2 
amperes thru a coil giving 8.8 gausses per ampere. The maximum 
control field is thus 77.5 gausses. The permanent polarizing field 
was 60 gausses. Curve В shows the current thru the tube. By 
measurement on the film, current begins to flow when the control 
field is at a value of 13 gausses below the zero line, but as this zero 
line corresponds to 60 gausses the true field is 47 gausses. The 
theoretical value of field is found to be 46 gausses (see Figure 26) 
for 1,200 volts, which was the voltage applied. In curve C is 
shown the generator voltage. The oscillatory character of the 
voltage is explained by fact that a capacity of a few microfarads 
was placed across the generator terminals. Тһе object of this 
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was to hold the voltage constant and prevent damage to the gen- 
erator due to the transient produced by the sudden starting and 
stopping of the plate current. Since the generator armature has 
inductance, the capacity formed a resonant circuit with this in- 
ductance and shock excitation caused the oscillations. On meas- 
urement it will be found that the plate current in curve B rises 
to a maximum in a time angle of considerably less than 30°, but 
it must be remembered that there was no load on the tube. The 
effect of the resistance of the working circuit is to make this rise 
in current take a longer time. 

Figure 28 is from a film taken with the tube oscillating at 500 
cycles. For convenience of measurement the tube was excited 
from a 500-cycle generator and curve A shows this control cur- 
rent. Тһе zero line corresponds to a polarizing field of 100 
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Figure 27—Characteristic of 4" X12” Magnetron, Non-oscillating, Taken by 
Oscillograph 


gausses. Тһе control current of 23 amperes thru а coil giving 
2.68 gausses per ampere gives а peak value of 87 gausses. Curve 
B is the plate current rising to а maximum of approximately 3 
amperes in а time angle of about 302, remaining practically con- 
stant and then falling to zero again in the same angle. Curve C 
shows the plate voltage which will be noted to be nearly a sine 
wave. The calibration line corresponds to 2,600 volts. Measure- 
ment on the film shows that the tube 


Gausses 
(Calc. H 
from 
Figure 26) 


begins to open at 61.5 


Volts Gausses 


is entirely open at 54.5 
begins to close at 59 
is entirely closed at 
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It is important to notice that the plate current begins to flow 
and starts to stop at the time when the field and voltage arrive 
simultaneously at the proper values. Тһе adjustment of the 
circuit was not particularly good and the plate voltage does not 
fall quite low enough for the proper utilization of the emission. 
Thus the output was low, the loss high, and the efficiency low, 
however the principal features are clearly brought out. 
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Figure 28—Characteristic of 4" X12" Magnetron Oscillating at 500 Cycles 
(approx.), Taken by Oscillograph 


CONCLUSION 


Space does not permit а complete discussion of all the factors 
which may affect tube operation. А brief mention will be made 
of & few rather obvious conditions which may exist and their 
general effect on the system. If the plate voltage remains too 
high while current flows thru the tube, the plate loss is increased 
and the output decreased. If the plate voltage falls too low, the 
power output is decreased, but the efficiency may increase over 
a limited range. If with properly adjusted values of voltage and 
current the phase relations become disturbed, then some plate 
current is drawn at too high voltage and the loss is increased. 
In this case the output may be maintained but the efficiency falls 
off. 

Of course greater efficiency could be obtained by properly 
deforming plate voltage and plate current so as more nearly to 
approach ‘‘square’’ waves. Practical ways of producing these 
results are not very simple and the gain is apt to be offset by the 
difficulties encountered. 

If the tube is separately excited, the conditions outlined in the 
paper can be accurately obtained. When the tube is self-excited 
slight departures may occur, but as shown by experiment these 
deviations do not seem to be sufficient to cause any appreciable 
error in the calculations. 

There is a limitation to the magnetron at the very high fre- 
quencies, and it arises from the difficulty of producing the neces- 
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sary alternating magnetic field. In order to have very high fre- 
quency the inductance must be small; in other words, a very few 
turns of wire and hence excessively large currents are required 
to produce the magnetic field. 

The magnetron has the advantage of very simple construction 
and can be made in almost any desired size and the efficiency of 
operation compares favorably with radiotrons of comparable 
output. 

The writer wishes to acknowledge his indebtedness to Dr. 
A. W. Hull for his advice and criticism thruout the course of this 


work, to Mr. E. F. Hennelly for his co-operation in the design 
and production of tubes, and to Mr. E. W. Kellogg and Mr. D. C. 
Prince for helpful suggestions. 
Research Laboratory, 
General Electric Company, 
Schenectady, New York. 
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SUMMARY: As an introduction, details of tube design are discussed, to- 
gether with a partial list of the sizes studied. А resumé of the general theory 
of magnetic control is then given. 

The first part of the paper is taken up with the application of the magne- 
tron as an amplifier at 8,000 meters wave length. The circuit is described 
and the results of tests on tube impedance, design of control coils, the varia- 
tion of amplification with anode voltage, design of polarizing field coils, and 
description of a four-stage amplifier are given. 

Тһе second part is concerned with the use of the magnetron as a generator. 
Since the magnetron is a rather unfamiliar tube, the circuit and necessary 
apparatus are described in considerable detail. Тһе conditions necessary for 
efficient operation are then discussed. Based on observed wave shapes of 
anode voltage and anode current, formulas suitable for circuit design are 
developed, and the complete calculation of a typical circuit given. The re- 
sults of tests at various voltages are then compared with calculated perform- 
ance and representative oscillograms shown. Іп conclusion, a few factors 
which may cause departure from theoretical results are briefly discussed. 
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NOVEL CURRENT SUPPLY SYSTEM FOR AUDIONS* 


By 
CHARLES V. LoGwoop 


(DE Forest Клро TELEPHONE Company, JERSEY City, NEw JERSEY) 


Never in the history of mankind has invention been stimu- 
lated to such an extent as it has by the threc-electrode vacuum 
tube invention of Dr. Lee De Forest. This invention is used іп 
а combination of three industries, namely, the long distance 
telephone, radio communication, and radio broadcasting, which 
have grown to gigantie proportions in the last deeade. Тһе 
minds of thousands of trained engincers are daily applied to the 
task of discovering new application of the established properties 
of the audion. We find methods of accomplishing desired re- 
sults described in many publications in dealing with its use in 
new combinations and in data on the circuits interlinking the 
input and output branches of the audion device and interlinking 
audions and their circuits to one another. In any case, we must 
deal with the power supply to the audion itself. This paper is 
therefore not entirely coneerned with the audion alone. Еп- 
gineers working with audions have from time to time developed 
new and important discoveries and applieations of standard uses 
of other devices to the problem of supplying the audion with 
the power for heating a hot cathode as well as а power supply 
for the plate circuit. 

Both of these power supplies must be constant in their voltage 
because otherwise causes independent of the controlling forees 
present in the grid eireuits would cause fluctuations in the output 
circuits of the audion as, for example, when the voltage was 
being varied at the source supplying the power to heat the fila- 
ment. This change would cause changes in the plate eireuit cur- 
rent detrimental to successful operation. If the plate circuit 
supply were likewise of a type having inconstant voltage, the 
variations would cause a disturbance in the output circuit, 

The usual source of constant power supply is a storage bat- 
tery. This device imitates the properties of a condenser of very 


* Received by the Editor, October 13, 1924. Presented before Tue In- 
STITUTE OF КАО ENGINEERS, New York, November 5, 1924. 
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иеа] capacity as well as those of a secondary generator. Altho 
a storage battery operates well on both filament and plate circuits, 
“heise ob most of the present type of cells to produce 90 volts 
i Che mate езгеше would result іп an expensive and unwieldy 
storage battery for plate supply. Small batteries have been 
soeviaily developed for this purpose. These batteries have been 
аушы very satisfactory service when properly proportioned in 
size to meet the requirements. 

Pry batteries have been improved to a very great extent 
and tremendous numbers of them have been made to supply the 
demand, but the rapid evolution and production of five or more 
tube sets has resulted in the drawing of heavy current loads from 
these batteries. This has caused general dissatisfaction to such 
an extent that substitutes have sprung up everywhere utilizing 
line power sources of alternating or direct current to feed the 
plate circuit of the audions. When too much current is drawn 
from dry batteries, cell leakage occurs, and therefore noises are 
heard in the telephones which are annoying to the person oper- 
ating the receiving set. Dry batteries which are of an inferior 
make give constant trouble because of cell leakage within the 
battery itself. This fact introduces an obstacle to satisfactory 
service, and the shelf life of the battery may be short, and there- 
fore а source of general discontent with batteries as а whole. 

There are many methods that have been worked out for sup- 
plying filament current without the use of storage batteries. One 
of these has been before the public for the last few years. "This 
solution is made possible by the re-design of the audion itself. 
The audion filament is made to consume a very small amount 
of power from the dry battery. This solution to my mind is 
not ideal. as it involves the life of the tube. Тһе dimensions 
of this type of audion filament are such as to make it produce 
loud microphonie sounds unless cushioned to тесі any shock 
applied to it. Such vibration in itself reduces the useful life of 
the audion. The manufacture of dry cell tubes is an exceedingly 
difficult matter. "This type of audion is also difficult to handle. 
'The tubes should never be operated at more than ten percent and 
preferably at about five percent of the total emission, and unless 
one is skilled in the art and can remain within the operating 
limits of the dry cell audion, the hfe of these tubes will vary con- 
siderably among themselves, and therefore, in practice, the life 
of the dry battery tube is shorter than the life of the storage bat- 
tery filament tube. The filaments of both are constructed of the 
same material. For example, the De Forest storage battery tube 
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at the laboratory will operate for a period of five thousand hours; 
whereas the dry battery tube will operate for & period of three 
thousand hours. These lives are the times during which the emis- 
sion drops five percent below the first stable emission. 


ELIMINATION OF RIPPLE DUE TO CIRCUITS 


One of the simplest forms of ripple elimination is that of feed- 
ing the filament from an alternating current source and connect- 
jng the grid circuit to the filament at a point having a potential 
intermediate between the potentials of the ends of the filament. 
This very simple method of heating a filament from an alternating 
current supply has been utilized by engineers and is a fairly old 
one. It is shown in Figure 1. 


FIGURE 1 


The Cooper-Hewitt mercury rectifier for garages and for cen- 
tral telephone station operation has been in use for more than ten 
years. Previous to the mercury valve rectifier, Mr. Thomas 
Edison discovered the thermionic rectifier. Its operating prin- 
ciple, the Edison effect, was revived by Fleming of England when 
he made it perform as a detector of Hertzian waves. Consider- 
able patent litigation has resulted since Dr. De Forest inserted 
the grid in the Edison valve. It is rather difficult to give the 
credit to any one for the rectifier principle other than Edison, 
since he opened the way for inventors to study the resulting 
effects. 

It did not take the experts long to find that alternating cur- 
rent for the filaments was a hard proposition to handle. En- 
gineers know very well what occurs when an audion detector 
filament is lit with commercial alternating current. 
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However, under certain conditions the amplifier tubes can 
be lit on alternating current and yet very little hum is heard in 
the telephones. А simple method is shown in Figures 1 and 2. 


FIGURE 2 


Attention is directed particularly to Figure 2. Тһе device 
which is included in this circuit was supplied to the Navy De- 
partment in the year 1916.! Тһе source of current was the ships 
mains. Тһе filter coil was а double winding affair with an open 
core. One section of the winding was in the negative lead and 
the other in the positivelead. Across the output terminals of this 
filter coil was connected & three-terminal potentiometer bridged 
by proper condensers. Тһе variable contact of the potentiometer 
leads to the receiving set. The potentiometer was made of hard 
graphite of about 12,000 ohms resistance. Тһе potential delivered 
to the receiving set was regulated by this variable contact. Тһе 
type of filter coil in Figure 2 is shown more completely in Figure 3. 


32,000 TURNO юн. 
a неч EC) 


FIGURE 3 
! L'e Forest Patent, number 1,201,272, filed September 27, 1915; patented 
October 17, 1916. 
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The two windings in each section are the same, the size of the 
wire being number 34 double cotton covered. А considerable 
number of filter sets were delivered and, as far as I am aware, 
they gave excellent results. Тһе coil dimensions were approxi- 
mately 4 inches long and 21% inches in diameter. Тһе open core 
was of soft iron and was 1 inch in diameter. 

The first веб made was, I believe, delivered to Dr. Goldsmith 
at the College of the City of New York. One can see even at that 
time that scientific men foresaw its usefulness, and it was at Dr. 
Goldsmith's request that he obtained а “В” battery substitute. 

As far as I am aware, I never heard of such a circuit being 
called a filter before that time. I had heard of wave filters in 
1914, and presume the name started from that. I recall Eccles’ 
book of December, 1915, showing wave filter circuits. I recognize 
Campbell’s work on wave filters, and believe he has done more 
to help other inventors than the inventors realize. It is thru the 
applications of his theories that telephone and telegraph systems 
have reached the present state of perfection. 

Coming back to the circuits that are more than everyday 
types, I call the attention to Figure 4. 


BALANCED . CIRCUIT 


FIGURE 4 


This circuit includes 8 De Forest DV-2 amplifier tubes, one 
crystal detector, 6 radio frequency transformers, 4 audio fre- 
quency transformers, 3 step-up transformers, and one step-down 
transformer. Тһе step-down transformer was the output trans- 
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former for the telephones. Тһе three input transformers were 
balanced type. Тһе “В” battery supply is rectified alternating 
current, but the filaments were lit with alternating current. 
Power was delivered from a six-volt step-down transformer. 

The general scheme is the ''reinforced" or so-called “reflex” 
method. Тһе balanced circuits are used to oppose changes of 
induced grid voltage, so that alternating current variations in 
the filament cireuit will not be relayed thru the audio frequency 
or input transformers. When the tubes are all standard and 
have similar characteristics this circuit enables good reproduc- 
tion thru a loud speaker, but at its best the alternating current 
hum is heard in telephone receivers. Details of this circuit can 
be obtained on request. Any source of “В” battery can be used 
in this circuit. 

THERMO JUNCTIONS 

This method of converting alternating to direct current is a 
most interesting one and should lead to much investigation. It is 
a simple method yet it is an expensive method of obtaining direct 
current power. I do not recall any investigation that has held 
my attention so steadily as this subject. I tried almost all of the 
common metals one can purchase in quantity in the process of 
my investigations and I have decided that molybdenum and ad- 
vance are about as high in efficiency as any other combination. 
Next came iron and advance, nichrome and advance, and copper 
and advance. In Figure 5 I show the table in millivolts per 
junction. 


TABLE OF JUNCTION VOLTS 
AT RED HEAT 


Molybdenum-advance Iron-advance Copper-advance 
Milli-volts 100 60 68 


Current depends upon cross section of conductor and difference in temper- 
ature of hot and cold junctions. 
Resistance includes meter resistance and 6 ft. leads. 


FIGURE 5 
THERMO ELECTRIC VALUES 
See Eccles, 1916, “Wireless Telegraphy and Telephony” 
Lead as zero lower limit 18° Upper Limit 416° 
Zine 373° 
German Silver 175° 


The current thru the hot junction is from the metal of the lower to that 
of the higher thermo-electric value. 
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Microvolts per 1?C. Microvolts per 1?C. 


Iron 4-17.34 — .0487t Silver +2.14+ .015¢ 
Steel 4-11.39 — .0228t Gold +2.83+ .0102¢ 
Plat. Ir. alloy 

10% Ir. + 5.96- .0134¢ Copper +1.36+ .0095¢ 
Plat. Soft — .61-—.011¢ Lead 
Plat. Hard + .26—.0075t Tin — .434-.0055t 
G. S. +12.07 — .05121 Aluminum — .77 + .0039{ 
Zinc + 2.34+ .024% Palladium —6.25 — .0359 ¢ 


Nickel to 170°C. --22.04- .05121 


(Refer to Eccles’ book, cited above, for further data.) 


In carrying out the early experiments I had a Weston direct 
current ammeter with two heavy binding posts. These posts 
were about 116 inches apart between centers. I connected the 
free ends of the junction to each post. Then I would heat the 
junction until the color was a cherry red. The resistance of the 
meter was about 0.05 of an ohm and the junction resistance was 
approximately the same when red hot at the junction end. 

I found that the current forced thru by the thermo potential 
would reach as high a value as 7 amperes for a single junction. 
I did not take into consideration, however, the cooling of the cold 
ends by the meter itself until I had made up a battery of junc- 
tions containing ten or more. Immediately after I got the hot 
junctions red hot, the current was no higher than 1 ampere. At 
first this led me to believe I had reversed junctions; finding this 
not to be so, I proceeded to cool the cold ends. The more metal 
cooling surface I added, the greater became the difficulties. 

This problem looked possible, but I could not find a way to 
cool the junctions unless I used a fan or water. This arrange- 
ment was then no better than a storage battery. 

The next step was to be satisfied with lower potentials and to 
multiply the number of junctions. The results were just as 
disappointing as before. 

In order to keep the bulk down to reasonable dimensions, I 
crowded the junctions together and heated them electrically. 
The more I heated them, the greater became the heat conduc- 
tion and reflection, thus always keeping the potential lower than 
І expected. 

In Figure 6 I show the first complete 6-volt generator deliv- 
ering 1 ampere. The power consumed from the line was about 
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400 watts and I considered it much too high. In this figure is 
shown the method of getting more heat to the hot junctions than 
is possible by any other method except that shown in Figure 8 


110v. AC. 


FIGURE 6 


А rod of soapstone approximately 6 inches long had been 
turned down to about 112 inches diameter with a 34-inch hole 
running thru it. 

Into this hole I inserted a resistance coil or unit made 
of nichrome resistance wire, bringing out the ends of the 
wire at each end of the tube. Two brass plates were fit- 
ted on each end and were held together with stay rods sep- 
arated about 2 inch apart. When rows of junctions were laid 
in between these stay rods and insulated by mica so that no short 
circuit would occur, each row of junctions were joined together 
in the proper polarity order. It is obvious that the hot ends of 
the junctions would rest on the surface of the soapstone. Soap- 
stone has one redeeming feature, and that is, retaining its heat 
for an almost unbelievable length of time. I believe this method 
would have succeeded had I been able to find a way of preventing 
carbonization of the soapstone. If the resistance touched the 
walls of the soapstone it would invariably short-circuit the turns 
and burn out. 

А very good method of making the junctions for this type of 
thermo generator is shown in Figure 6A, alternate strips of 
molybdenum and advance being laid side by side in а holder. 
Across the ends, from one side to the other, are laid advance 
strips. In order to weld these securely, the spot welder was used 
with a hydrogen jet. Whenever the weld was made a blast 
of hydrogen prevented oxidation. If the hydrogen was not used, 
an iron flux was used instead. This was a very good method for 
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welding these widely different strips of metal. When the welds 
were all made, the sections were cut as shown, the result being a 
series of junctions. 


METHOD Of MOUNTING JUNCTIONS 


SNOWING HOW STRIPS ARE CUT AWAY 


SCC 
ШОЧЕШ 


FIGURE 6a 


In previous efforts, I had a great many disappointments, 
because ordinary spot welding would not hold the weld. After 
this device was constructed and tested, I proceeded in another 
direction (see Figure 7). This apparatus gave better results than 
the one in Figure 6 because it was heated by a gas flame and the 
rising heated air would draw the cool air up with it around the 
cool ends of the junctions. With a much smaller number of 
junctions, I could get 8 volts and 1 ampere. This scheme was 
more economical than the electrical one as it was found to con- 
sume only a moderate amount of gas. The more I experimented 
with this device, the more convinced I became that it is going 
to be worked out in time. 


GAS. THERMO GENERATOR 


FIGURE 7 
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Figure 8 shows an induction method which I have worked 
out, and this, I believe, will eventuallv lead to the desired re- 
sults. The drawing in Figure 8 will show some of its general 
features, but & detailed description is also necessary. Each hot 
junction is made of copper, and is а complete short-circuited 
turn. There are 20 of these rings separated by mica insulation. 
From these rings radiate 16 spokes as in & wheel; 8 are copper 
and 8 are of another metal such as advance or copel. The copper 
spokes are welded to the brass ring of its section. Тһе advance 
spokes connect to the next brass ring. It is obvious, then, that 
the junction is made at the point where the advance connects 
to the copper ring. Since the ring is heated by the short circuit, 
it is directly connected to the junction. Тһе outer ring is split, 
so that it will not weaken the field unnecessarily. 


THERMO GENERATOR -SECONDARY SYSTEM 


FIGURE 8 

REcTIFIERS 

Coming to the next step in current supply system I refer 
again to Figure 2. Here we see one of the early filter circuits. 
This circuit was the forerunner of Figure 9. Неге we have two 
valves, a condenser, and а transformer, the transformer having 
two secondaries and one primary winding. It will be noticed 
that the neutral point of the plate supply is grounded. Соп- 
nected to this rectifier circuit is а filter system, which embodies 
the circuit in Figure 2. Тһе constants are noted in the corner of 
the figure. This is very suitable for operating a detector and two 
stages of audio frequency amplification. 

Figure 10 shows the first of the “В” battery substitutes. It 
consists of two rectifier tubes, a transformer, and filter systems. 
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RECTIFIER | CIRCUIT 


FIGURE 9 


CURRENT SUPPLY FOR PLATES WITH RESISTANCE 


C,-2 MF. 
б6ә- 4 MF. 
R - 500 TO 15000 A. 


( -47 н. 


FIGURE 10 


It will be noticed that the inductance coils of this circuit are 
fairly high in value. I found after months of hard work that the 
line conditions varied considerably, aside from variations in the 
fundamental frequeney itself, and it was not until I combined 
resistance with capacity and inductance that I was able com- 
pletely to eliminate all hum even in the most delicate detector 
adjustments. Many different receiving sets were set up so that 
comparisons could be made. The simplest filter circuits, such as 
shown in Figure 10A, were used on circuits that were of the type 
of neutrodyne, super-heterodvne, straight radio frequency de- 
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tector and audio frequency stages, but the simple filter circuits 
would not deliver sufficiently smooth current to а standard De 
Forest reflex circuit. 

Figure 10R is а single-wave rectifier system utilizing two 
rectifier tubes. It will be noticed that the plate of the second 
rectifier is in series with the positive side of the rectified current 
source. This gives a smooth clean current supply entirely free 
from alternating current hum. 


HALF WAVE RECTIFICATION 


| 


HL -= 
x Aa. 
LUE IE 


FIGURE 10R 


By this time, I had tried the following types of supply on the 
De Forest reflex circuits: 

A. Double filament type. 

This is exceedingly quiet with the audion filaments grounded. 
B. Electrolytic single rectification. Best results were obtained 

by grounding filaments of the audions. 

C. Single rectification utilizing tuned filter inductance. Best 
results with positive line grounded. 

This rectifier filter circuit, shown in Figure 10, is efficient and 
reliable. 

The rectifier tube was developed for the circuit, and has 
proven after months of constant use to be very satisfactory. 
Each rectifier will successfully pass 40 milliamperes without 
taking up more than 10 percent of the total emission available. 
It will be noted that three of the filter coils are in series with the 
positive leg and one in series with negative line. 

It makes little difference where the plate supply circuit is 
grounded, but for complete elimination of singing I advise 
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grounding the neutral terminal. If it is desirable to ground the 
receiver, it is advisable to put а 16 microfarad condenser in series 
with the receiver ground. А reduced voltage tap is obtained by 
a high resistance ''Bradleystat" (carbon compression rheostat). 
Shunted across this resistance is & by-pass condenser. 

The potentials across the tank condenser C, is about 160 
volts at а load of 30 milliamperes. Тһе potential across plates 
and filaments drawing 30 milliamperes is about 125 volts. The 
no-load voltage across the tank condenser is 260 volts. The 
terminal alternating voltage is 200 volts. Тһе two rheostats 
shown in Figure 10 are 10,000 ohm *'Bradleystats," consuming 
] to 5 watts. 

In Figure 11, I show & more complete rectifier system. One 
transformer is used. There are two distant rectifier circuits. 
Àn auto transformer is made to deliver power to one set of recti- 
fier tubes, and the other coil, а secondary winding, supplies 
another pair of rectifier tubes. It will be noted that the same 


TWO CURRENT SUPPLY CIRCUITS FROM ONE TRANSFORMER 
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FIGURE 11 


connections are used in Figure 11 as in Figure 10, while the other 
filter circuit has somewhat similar conditions. This circuit was 
developed for the purpose of supplying “А” and “В” battery 
voltage to the special receiving circuit shown in the next figures. 

We shall next consider the circuit of Figure 12. This circuit is 
similar to the one shown in Figure 11 in part, but contains cer: 
tain other necessary adjuncts. Rectified current is obtained from 
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two rectifier tubes delivering at full load about 0.3 of an ampere. 
This current goes to light the filaments of four standard DV-2 
tubes which have all been put in series. It is better to connect 
them in this way as the necessary power is then more easily 
obtained from the rectifier tubes. There is connected across the 
terminals of the rectifier circuit a resistance of approximately 
3,000 ohms. In order to obtain proper grid bias it is necessary 
to have a variable contact on this potentiometer. Plate current 
is obtained either from a rectifier or from “В” batteries. But 
the primary object is to light the filaments. 


CURRENT SUPPLY FOR FILAMENTS 


FIGURE 12 


It will be noted that starting from one end of each filament 
is an 800-ohm resistance, all these resistances being connected in 
common at one end. Across these resistances are 1 or 2 micro- 
farad condensers so that the audio frequency will be distributed 
equally over the filaments. A condenser connects the grid bias 
side of the system. 

This circuit works very well and gives promise of producing 
a good system. No disturbances are heard in the receivers. 
Ground connections are necessary for eliminating ripple. 


RaDio FREQUENCY FILAMENT SOURCE 
There is no doubt that many engineers have tried to utilize 
radio frequency energy to light the filaments principally because 
it is so easy to get enough current to light them this way. 
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Consider the circuit shown in Figure 13. This is not an un- 
suitable circuit; in fact, it worked better than any other circuit I 
havetried when using radio frequency energy to light the filaments. 
However, I found I had a great deal of trouble ahead of me as 
soon as I tried to tune іп for stations. Тһе problem was to find 
the proper frequency to put thru the filaments. I discovered that 
the detector was where one fell into most of the trouble. So I 
shielded the detector and used a separate battery on the filament. 
Of course, this was not entirely a substitute for batteries, but in 
these days dry batteries last а long time оп опе tube consuming 
only 60 milliamperes. Тһе first frequency used to light the fila- 
ments was very high. I found that a frequency of 7,500 kilo- 
cycles (40-meter wave length) was useable, but as the frequency 
was diminished it became more difficult to get results. At first 
I assumed I would have to make the filament frequency the same 
as that of the received wave, but that gave too much trouble. 
There resulted а group of squeals with every twist of the dial. 


FIGURE 13 


Figure 13 will enable one to follow the scheme. I found that 
the oscillator tube can be a DV-2 as this will supply enough cur- 
rent for 4 DV-3 De Forest tubes. Тһе circuit of Figure 13 is а 
detector and three stages of audio frequency amplification utiliz- 
ing regenerative couplings on the detector tube. 

Figure 14 is another circuit with which I had considerable 
success. This scheme was in general a push and pull oscillator; 
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the rectifier tubes were constructed with grids. The two pancake 
choke coils in the secondary terminals were to keep the radio 
frequency out of the transformer. Coupled to the push-pull 
oscillator is an absorbing circuit which includes the filament cir- 
cuit. Тһе circuit is tuned to the oscillator frequency, and a 
separate battery is supplied to light the detector filament. A 
stopping condenser is inserted to prevent the battery from light- 
ing the filaments of the other tubes. It is very necessary to 
ground the filaments so that all hum is avoided. A filter circuit 
is tapped on the tank condenser. АП irregular noises are thus 
ironed out. The generated energy goes to supply the plates of 
the receiving circuit. 


ҒІ6.14 


FIGURE 14 


After these tests were completed, I found that in comparison 
with a standard storage battery, this arrangement was possibly 
50 percent as efficient. There is no doubt some disturbing factor 
which I have made no great effort to locate. 

Of course, there is no doubt that there is considerable *paraly- 
sis" or blocking, due to effect of the radio frequency voltages 
acting on the space charge within the tubes. Further than this 
information, I cannot determine exactly why the arrangement 
works at all since we know well that such rapid reversals set up 
opposing forces within the tube. 

The detector was my stumbling block. Тһе amplifier was 
prejudicially affected by the radio frequency currents used, be- 

204 


cause when I substituted a storage battery supply, the amplifica- 
tion was noticeably increased. 


SIMPLE FILTER - HALF WAVE RECTIFICATION 


ПОХ А.С. 


i -)3 TUNED TO 60 CYCLES 


FOR TANTALUM 


60 н. 
0х Ag. + 
5 


I shall now describe an entirely different idea in current 
supply devices, and one which is indeed very attractive. It will 
deliver both “А” and “В” voltages constantly. Тһе efficiency 
is fair. It consumes about 200 watts from the line and will de- 
liver 50 to the receiving circuit. Lengthy tests have not been 
carried on to any great extent, but even from the time it was first 
tested it convinced our engineers that it had great merits. The 
plate voltage is fairly constant, and the device will deliver 150 
volts and up to 50 milliamperes with real reliability. In tests 
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made, I have found that there is no ripple in the plate circuit, 
but the filament supply gave us some concern until the proper 
filter was found. 

While at this time we cannot tell much about its life, we pre- 
sume it will turn out to be satisfactory in this respect. Owing 
to the continued development of this outfit by the manufacturer, 
we are prevented from giving full details. 

The outfit is а miniature motor-generator set. Its speed is 
6,000 revolutions per minute. There аге 24 bars on the commu- 
tators. The fields are excited by the high voltage side, and the 
motor is universal for 110 volt alternating or direct current. The 
commutator ripple has а frequency of 2,400 cycles per second, 
and this frequency is easily filtered out with proper condensers 
апа impedances. Тһе bearings are sleeve wick lubricated, which 
probably is better than ball bearings. They need but little at- 
tention when once the cups are filled with oil. 'The motor is 
cooled by a fan attached on the shaft. Тһе plate voltage across 
the commutator is 150 volts. Тһе filament supply is 8 volts. 
No commutator sparking disturbance, due to the power line, 
is heard in the receiver. The little device is also a fine outfit 
for charging storage batteries as it has the two separate voltages. 

I should like to see a perfected “А” battery substitute supply 
that will light the filaments as well as & motor generator can be 
made to do, and without having to change the accepted multiple 
connection of filaments. The filter on the low voltage side would 
be а very big affair if we tried to make it do as well as the “В” 
battery substitute. If we found we needed а 20-henry choke 
coil and suitable condenser to smooth out the ripple from a Tun- 
gar rectifier, we would have to use a bulky outfit. I do not know 
whether there are апу electrolytic “А” battery substitutes on 
the market at this time, but I believe the problem is just as great 
as when rectifier tubes are employed to rectify the alternating 
current supply. It would be interesting to hear from anyone 
concerning secondary emission tubes, such as Dr. Hull proposed 
some time back. 

SUMMARY: There are considered various forms of “А” and “В” battery 
substitutes such as rectified and filtered alternating current generators, thermo 


electric devices, radio frequency current generators, electrolytic rectifiers, and 
motor generators. 
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A METHOD OF MEASURING RADIO FREQUENCY. BY 
MEANS OF A HARMONIC GENERATOR* 


By 
Auaust HUND 


(RaDio LABORATORY, BUREAU OF STANDARDS) 
INTRODUCTION 


Harmonics of an electron tube generator have been used for 
radio-frequency measurements! for several years. The well- 
known system for measuring: a radio frequency in terms of an 
audio frequency, devised by Abraham and Bloch? and employing 
their multi-vibrator is poraaps the best example of such use of 
harmonics. | 

It is the purpose of this paper to deseribe briefly an arrange- 
ment which employs a simple type of harmonic generator the 
fundamental of which is an audio-frequency alternating current. 
Тһе generator is rich in harmonics of sufficient power to produce 
appreciable currents in à wavemeter which is coupled to it and 
tuned to resonance with frequencies which are integral multiples 
of the fundamental. The arrangement is а convenient one for 
primary frequency standardization since the fundamental fre- 
quency produced by the harmonic generator can be checked 
during the measurement against the frequency of & standard 
tuning fork by means of а visually indicating instrument. А 
large number of harmonics can be utilized since decidedly sharp 
settings are made possible by the use of another visual indicator. 
The visual indicators lighten the labor of the observer since it is 
found easier to take а large number of settings with the eye 
than by ear. 


DESCRIPTION ОЕ THE METHOD 


The arrangement for primary frequency standardization is 
shown in Figure 1. The heavy line portions are the essential parts 


*Published by permission of the Director of the Bureau of Standards 
of the United States Department of Commerce. Received by the Editor, 
October 16, 1924. 

“ Radio Instruments and Measurements," Bureau of Standards Circular 
Маре, 74, pages 100-104 ; 1918. 
ы Comptes Rendus,” volume 168, page 1105; June, 1919. 
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of the system. "The visual beat indicator is a portable galvan- 
ometer, with 1 milliampere for full scale deflection. It is used 
for keeping the fundamental frequency f of the harmonic 
generator exactly at the value of the frequency of the standard 
tuning fork generator. The pointer will stand still when the two 
frequencies are exactly alike. This will also happen when the 
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two frequencies are very different, but such a shift of frequency 
is not likely to happen during the measurement and after having 
the fundamental frequency f adjusted. Тһе visual indicator of 
resonance will indicate а sharp minimum whenever the wave- 
meter is tuned to the fundamental frequency f or any integral 
multiple of it. The procedure of measurement is briefly as 
follows : 

(1) The fundamental frequency f of the harmonic generator 
is varied until the fundamental alternating current is in syn- 
chronism with the current produced by the standard fork 
generator. The zero beat indicator will then stand still and the 
least change in the frequency will cause the pointer to swing? 


3 Two swings per second, for instance, mean that the fundamental is 
off by two cycles. The pointer will, of course, also stand still when the har- 
monic generator is adjusted to 2f, 3f, and so on. 
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to and fro. The frequencies of all possible currents have then 
the form (a Xf) if a denotes whole numbers such as 1, 2, 3, 4, 
and so on. 

(2) The heterodyne is set to certain fundamental frequency 
F which is in the neighborhood of the frequency range to be 
used in the calibration. 

(3) While the wavemeter is varied, a series of beat notes will 
be heard in the telephone receiver Т which produce at the same 
time minimum deflections on the resonance indicator. The 
telephone receiver is used as а rough guide and the settings are 
made by means of the visible indications. The minimum deflec- 
tions will occur whenever 


a:f—-bF 
if b.F stands for all possible frequencies of the heterodyne and 
b denotes integer numbers such as 1, 2, 3, 4 . . . .. This shows 


that а minimum indication is obtained whenever the wavemeter 
is set to а frequency which is an integral multiple a of the 
fundamental frequency f of the harmonic generator. Beats can 
also occur between harmonics of the harmonic generator and 
harmonics of the heterodyne, which is expressed by factors a 
and b. The factor b can be made equal to unity by choosing a 
rather loose coupling between the heterodyne and the six-stage 
amplifier. Such a precaution is, however, not necessary. 

(4) Knowing approximately the fundamental frequency F of 
the heterodyne driver it is easy to determine the particular 
harmonic frequency a Xf to which the wavemeter is tuned. The 
simplest way, however, is to substitute the wavemeter by one 
the calibration of which is known approximately. (Example : 
Suppose the fundamental frequency f= lke. (kilocycle per second) 
and the approximate frequency is found to be a.f =21.13kc., then 
the true setting is 21 kc., since a must be a whole number). 

When the precautions above mentioned are followed, this 
method may be used to obtain resonance settings on a wavemeter 
up to the 100th harmonic. It has been found possible to obtain 
as high as the 360th harmonic of a 1,000-cycle fundamental fre- 
quency, but this requires much skill and does not appear useful 
in actual wavemeter standardization work. For the higher 
frequencies it is preferable to use a tuning fork of higher funda- 
mental frequency f, or to employ an additional harmonic 
generator and measure its fundamental frequency f' against a 
certain harmonic (aXf) by another zero beat indicator in the 
same way as f is checked against the fork driver. An an example, 
suppose the fundamental frequency f of the first harmonic 
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generator is adjusted to the frequency of the tuning fork, which 
let us assume to be f 2 Кс. The fundamental frequency f’ of the 
second harmonic generator may be adjusted by another zero 
beat indicator to the 20th harmonic of f, that is, /' =20 kc. А 
calibration of à wavemeter at 500 Ес. would then require only 
the 25th harmonic of the second harmonic generator instead of 
the 500th harmonic of f. 


PRACTICAL HINTS AND DESCRIPTION OF APPARATUS 


(I) The harmonic generator is shown in Figure 2. It makes 
use of the fact that a circuit of this type produces strong har- 
monies and especially when much inductance with pronounced 
distributed capacity is used in the grid and plate circuits and a 
crystal rectifier in the output branch. In order to accomplish 
this & hard rubber tube, one-half inch in diameter and five inches 
in length was used as a core for & coil with 48,000 turns of wire. 
Using wire, about Number 30, American wire gauge, and winding 
the coil in the ordinary way will give pronounced coil capacity. 
Taps weretaken off every 3,000 turns as indicated in the figure, giv- 
ing enough sections of different inductance to produce distorted 
audio currents ranging from about 10 cycles per second to 15 kilo- 
cycles per second. Àn ordinary air condenser connected from the 
plate to the grid gives а means for varying the frequency gradually 
within а small range. А tube capable of giving from 2 to 10 watts 
power is sufficient for the measurement. Two tubes connected . 
in parallel can also be used. "The entire generator should be 
shielded by copper foil with the output coil outside of the screen. 
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FigurRE 2— Diagram of Connections for the Harmonic Generator 


(II) The 6-stage amplifier (Figure 3) is used for amplifying 
the beat effects between the current of frequency a.f to which 
the wavemeter is tuned and the current produced by the hetero- 
dyne. It acts normally as an audio-frequency repeater since the 
beat notes are usually within the audible range of frequencies. 
It operates as a radio-frequency amplifier when no heterodyne 
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is used. This is only possible for comparatively low frequencies 
(not much higher than the 20th harmonic of f). It seems there- 
fore best to use the heterodyne for all settings. Тһе entire 
arrangement is surrounded by a shielding of copper foil. И 
possible the “ B ” battery should be within the shielding, other- 
wise а by-pass condenser should be used within the sereen and 
across the terminals leading to the “В”, battery. 
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Біссне 3—Six-Stage Resistance Condenser Coupled Amplifier 


(іу The amplifier leading to the visual beat indicator is 
likewise resistance-condenser coupled and shown in Figure 4. 
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Fictre 4— Resistance Coupled Amplifier for Zero Peat Indicator 


(IV) The circuits leading to the r7sual resonance indicator are 
shown in Figure 1. Ап ordinary audio-frequeney transformer is 
employed for coupling the output branch of the G-stage amplifier 
to the cireuit with the visual resonance indieator. It was found 
that the resonance settings ean be made sharper when a dip 
method is used. Such an indication is obtained when a grid 
condenser of about 0.0001 и. is employed without a leak in the 
detector circuit. When the different beat notes affect the 
detector tube the microammeter in the plate circuit will show a 
sharp dip. If the frequency measurement is carried out in a 


211 


laboratory where many outside disturbances affect the grid, the 
telephone receiver Т (Figure 1) indicates the presence of inter- 
fering voltages. Under such circumstances the use of a grid 
leak is advantageous. 

(V) The tuning fork generator provides the fundamental fre- 
quency in terms of which the measurement is made. It is 
therefore essential to use a standard fork the frequency of which 
is constant and known. It seems best to use a fork employing 
an electron tube drive of such a type that the circuits can produce 
alternating current only when the fork is vibrating at its own 
natural frequency. For most work a fork having a frequency of 
about 1,000 vibrations per second is convenient. A fork giving 
about 100 vibrations per second would have the advantage of 
giving more points on the wavemeter to be calibrated, but the 
disadvantage of not giving calibrations at frequencies as high 
as can be obtained with a 1,000-cycle fork. 

(VI) The heterodyne is an ordinary electron tube generator 
covering а range of frequencies from about 10 to 1,500 kc. 
Copper foil is used for shielding the entire apparatus except the 
coil L4 (Figure 1) which couples to the 6-stage amplifier. A tube 
giving about one-tenth of a watt radio frequency power will do. 

(VII) The inductances of the coupling coils Li, І», Із and 
L, shown in Figure 1 depend on the range of frequency used, 
while the shape of coils Гл апа Г» depends, besides, on the shape 
of the coil used in the wavemeter. А loose coupling to the wave- 
meter is essential. The best distance between Lı and the wave- 
meter, Lz and the wavemeter, and between Ls апа L, is found by 
trial for which case it is convenient to use the telephone receiver 
T as well as the resonance indicator because the relative positions 
of the coils may be so much off that the indicator will not respond 
at all. The coils L3 and L, are made to slide in a box which is 
covered with copper foil. 

(VIII) The zero beat indicator in Figure 1 can also be replaced 
by a cathode-ray oscillograph (the hot-cathode type is con- 
venient). Тһе usual way of using this apparatus applies the 
two voltages E; and E; coming from the harmonic generator and 
fork generator, respectively, to the two deflection condensers of 
the oscillograph. Synchronism is then recognized by a stationery 
pattern (Lissajous figure) on the fluorescent screen of the 
cathode-ray tube. Another way is partly indicated in Figure 5. 
The current coming from the fork generator produces a circle 
on the screen of the cathode-ray tube. Тһе battery between 
the hot cathode and the anode of the oscillograph is connected 
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Figure 5—Zero Beat Indicator, Using a Cathode Ray Tube 


in series with the output of the harmonic generator. If the 
fundamental frequency of this generator is not exactly the same 
as the frequency of the fork, the diameter will increase and 
decrease at the rate of the frqeuency difference. 


Department of Commerce, 
Washington, D.C. 
September 2, 1924 


SUMMARY: An improved method has been developed for standardizing 
a wavemeter by means of the harmonics produced by a simple type of har- 
monic generator the fundamental of which is an audio-frequency alternating 
current. The arrangement is adapted to primary frequency standardization 
since the fundamental frequency can be checked during the measurement 
against the frequency of a standard tuning fork by means of an instrument 
using visual indication. A large number of harmonics (up to 100 and higher) 
can be utilized since very sharp settings are made possible by the use of a 
visual resonance indicator. 
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INTRODUCTION 


To determine the resistance of а conductor for direct current 
is one of the simplest electrical measurements and can be carried 
out with а very high degree of accuracy. Тһе case is entirely 
different when measuring the effective resistance for radio fre- 
quency current. 

To determine this resistance is still a rather difficult matter 
and cannot be done with any high degree of accuracy, altho the 
development of suitable generators for the production of continu- 
ous radio frequency current has resulted in considerable improve- 
ment. 

The older methods! practically all rested on the fundamental 
investigations of V. Bjerknes on resonance in simple and coupled 
circuits?. Measurements were generally carried out in the way 
that the circuit to be investigated was set in oscillation by means 

*Received by the Editor, October 16, 1924. 

! E. Nesper: “Die Frequenzmesser und Dampfungsmesser der Strahlen- 
ai ta ” pages 165-238. (Leipzig, 1907.) 

: rknes: (а) “Dämpfung schneller electrischer Schwingungen," 
‘Wied. Amm am page, 14, 1891. 
(b) “Ueber den zeitlichen Verlauf der Schwingungen im primáren Hertz- 


schen Leiter," “Wied. Ann.," 44, page 513, 1891. 
(c) “Ueber electrische Resonanz,” “Wied. Ann.," 55, page 121, 1895. 
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of а spark-discharge, and the oscillations then investigated in an 
auxiliary circuit loosely coupled to and in resonance with the 
circuit under test. As indicator in the auxiliary circuit there 
was generally used either a quadrant electrometer the deflection 
of which is proportional to the time integral of the square of the 
potential difference or, and in most cases, & radio frequency 
ammeter the deflection of which is proportional to the square 
of the current. 

Most of the newer methods? are based upon the use of con- 
tinuous oscillations which originate in & generator circuit and 
by means of suitable coupling arrangements act upon the test 
circuit—namely, the circuit under test—and in this case the 
measurements are carried out directly in the test circuit. 

Figures 1 and 2 show the principles of the two methods now 
nearly always used. In both figures, G H F stand for generators 
of continuous radio frequency current, while S indicates coupling 
arrangements, C variable air-condensers, A ammeters for radio 
frequency currents, and r variable resistances of which the values 
of the various settings are accurately known. 


P 


FiagurE 1— The Substitution Method 


A 


m 


C 
Figure 2—The Added-Resistance Method 


3 (a) J. H. Dellinger: “Тһе Measurement of Radio Frequency Resistance," 
PROCEEDINGS оғ THE INSTITUTE OF Ranio ENGINEERS, New York, volume 7, 
pages 27-60, 1919. 

. (b) "Radio Instruments and Measurements,” “Bureau of Standards 
Circular," Number 74, Washington, 1920. 

(с) Н. Armagnat et L. Brillouin: “Тез mesures en haute frequence,’’ 

Ecole Supérieure d'Electricité, Section de Radiotélégraphie," Paris, 1924. 
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Figure 1 shows the substitution method. Тһе effective radio 
frequency resistance of the wire coil L is measured in the follow- 
ing manner: With the switch O in the position shown, the con- 
denser C is varied until the circuit C L, A O L is in resonance 
with the generator-circuit, which is the case when the reading, 
Amar, of the ammeter is a maximum. Next the switch O is changed 
over to the position shown in broken lines and then the circuit 
СІ, А От is brought into resonance with the generator circuit. 
The reading Amar’ of the ammeter will in this case generally 
be different from the reading A maz first determined; but by vary- 
ing the value of т we may arrange that Amar -Ата. In that 
case we have R=r, where т, is that value of r for which the read- 
ing i» the same in both cases. 

Figure 2 shows the added-resistance method. For a given 
value r’ of r the circuit СГ, Ar L is brought into resonance, 
just as described above, and the corresponding reading Amar 
is taken. This is repeated for a value r” with a corresponding 
reading Ал”. We then have the total resistance of the circuit 
R° = Re+ R determined by 

‘i ДА / , 
R=" A maz m A mas | (1) 
А maz —A maz , 

In carrying out these measurements, the following difficulties 
and sources of errors are, among others, encountered: 

1. Тһе emf. must not vary during a test. This requirement 
is, however, often difficult to fulfil, especially when using the 
method of added resistance where the reaction of the test cir- 
cuit on the generator circuit varies with the different settings of 
the resistance. 

2. Тһе coupling should be loose and must not vary during 
a test. This is often difficult to attain, especially with the sub- 
stitution method where the coupling between the generator 
circuit and the auxiliary circuit often will be partly of electro- 
static nature, and this part of the coupling may vary in an un- 
eontrollable manner when throwing over from the coil under 
measurement (L R) to the known resistance (r). 

7773. The readings are quite difficult to make and take а com- 
paratively long time. 

For circuits having some 0.3 — 1.0 ohms, one must be very 
careful in order to obtain & mean-error not over 2 percent, and 
in many cases the errors surely reaches 10 percent or even con- 
siderably more. | 

In several respects it would be ап advantage to have to deal 
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only with the test circuit itself and its oscillations, as in that 
case no difficulties would arise from the coupling between the 
test and the auxiliary circuit or the generator circuit. 

For oscillations in а single circuit containing the condenser 
C, the inductance L, and the resistance R (see Figure 4, heavy 
line circuit), the current 7 is given by 


. h? —rt > 
i=- VCE sin vt = 


V R 
Vo a 1] Rm (2) 
n R? * € теа (i|. E). 
C 4 

] RC : 
ыгы. = 2. x? V, E 

JA LC у= A/ À* — к? and where У, is the poten 
tial of the condenser at the beginning of the oscillatory discharge. 
Figure 3 represents a current curve obtained according to formula 


(2). 


where к= Ж h? 


Кісеве 3—Curve of Oscillations 


For feebly damped oscillations, formula (2) may, to a close 


approximation, be written: 
R 


- rn Pre С UNE E 5 
iv . € sinht VAL 2 € sin TCL’ (2, 1) 


If the effective resistance R of the circuit is to be determined 
only by means of the oscillations in the circuit itself, without 
any auxiliary circuit, this must be done by utilizing in some way 
or other the natural constants of the oscillations. There are 


here several possibilities. If, for example, A is the ratio between 


the maxima of two successive amplitudes in opposite directions 
(see Figure 3), then we have | 
Qi „2 un 
ae s 
or x E log, — = 
л С s 2 


Knowing the value of L, C and the ratio ie R may be cal- 


culated. 
This method was used by E. Rutherford‘ and J. Zenneck.*5 Ву 


. ay. " " 8 қ 
the former, the ratio — is determined іп a very ingenious manner 
аз 


by means of the magnetic influence of radio frequency current 
on magnetically saturated steel needles, while the latter uses a 
Braun-tube for the determination of the ratio between the suc- 
cessive maximum amplitudes of the condenser potential. 

Both of these methods are, however, rather inconvenient and 
inaccurate. Neither of them is suitable for feebly damped 
circuits. 

There is another way, however, to utilize the constants of 
the current curve for the determination of R, which leads to a 
method having considerable advantages as compared with the 
methods so far used. 

This method has been developed in the Laboratory of Teleg- 
raphy and Telephony of the Royal Technical College, Copen- 
hagen, and the principle underlying it has previously been pub- 
lished elsewhere. $ 


1. THEORY OF THE NEw METHOD 


We will consider the arrangement shown in Figure 4. The 
condenser C, assumed for the present to be without leakage, is 
charged to the potential V, when the key N is in the position ac. 
If now the key is changed over to the position ab, then the charge 
of electricity CV, will be discharged thru the circuit shown in 
heavy lines and the value of the current as а function of time 
is given by formula (2). 


The potential difference between A and B is then L”, and 


the time-integral Do of the square of this potential from t=0 
to t= о is then 


* E. Rutherford: “А Magnetic Detector of Electrical Waves and Some of 
Its Applications," "Phil. Trans.," A, volume 189, page 1, 1897. 

ы], Zenneck: “Verfahren, um die Dämpfung elektrischer Schwingungen 
sichtbar zu machen," ‘‘Ann. d. Phys.," Volume 7, page 801, 1902. 

€ P. О. Pedersen: (a) ‘‘Metode til Bestemmelse af den effektive Mod- 
stand i højfrekvente Svingningskredse," “Vid. Selsk. Math.-fys. Medd.," IV, 
5, 1922, Copenhagen. 

(b) “А Method for the Measurement of Radio Frequency Resistances," 
“Wireless World and Radio Review," page 135, April 29, 1922. 
| (c) “Еп ny Metode til Bestemmelse af den effektive Modstand i Hgjfrek- 

vente Svingningskredse," “Ingeniøren,” pages 185-196, April 19, 1924. 
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or 


FiGURE 4—Schematic Representation of the Arrangement. 

(The test-circuit is shown in heavy lines, G is a Quadrant- 

Electrometer connected up as shown and resting on а 

grounded plate P (see also Figure 5). The one terminal 
e of the battery is also grounded) 


А 101000000 NE 


FicvRE 5a—The Quadrant Electro- 
meter G. The needle N carried by the 
aluminum wire Т with the attached 
mirror M,is suspended by means of the 
quartz fiber Q. Connection is effect- 
ed thru the stout wire 8 and the thin 
Wollaston wire W—S being insulated 
from the cover by an amber bushing. 
The cover is connected to earth over the 
plate P. U isa clamping arrangement 
for the needle 
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The quantity Dy may be measured, for example, by means 
оға quadrant electrometer G inserted between А and B in 
such а manner that one pair of oppositely placed quadrants and 
the needle are connected to one of these points while the other 
pair of quadrants is connected to the other point as shown in 
Figures 4 and 5. 


FiGuRE 5b—Details of clamp- 
ing arrangement. The tweezer- 
form spring U is made of phos- 
phor-bronze and 1s opened and 
closed by means of a conical- 
pointed screw in such a way 
that on closing, the wire 7 with 
needle and mirror is raised a 
little by the spring 


The throw P will then be proportional to D. Тһе determin- 
ation of the ballistic constant Ө will be discussed later on. 

If the values V,, L, 8, and P, are known, equation (4, 1) gives 
the value of R. 

If V, and L are kept constant and an extra resistance r is 
inserted in the circuit (see Figure 4) we have—if P, is the value 
of the throw corresponding to the resistance E +r,— 


2L ye: | 
R+r= ар, . Va, | (4, 2) 
and from this and equation (4, 1) 
R+r_ Р NEN 3 = 
кг 7 3) 


By means of two measurements—one with and one without 
the added resistance r in the circuit —Z may be determined with- 
out knowing the values of V., L ог the ballistic constant В of 
the galvanometer. 


2. INVESTIGATION OF THE VARIOUS POSSIBLE SOURCES OF ERROR 


If the condenser has any leakage, it will lose some of its 
charge in the time interval from the moment N breaks its con- 
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nection at c till it makes connection at b (see Figure 4). If the 
leakage of the condenser is considerable and if the said time 
interval is not very short, а considerable error may be caused 
thereby. Ав will be shown in the following, various difficulties 
are encountered in constructing the key N in such a way that 
the above-mentioned time interval will be very short. "Тһе 
difficulty resulting from this, may, however, be entirely elimi- 
nated by using the test arrangement shown in Figure 6. 
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Есеке 6—Schematic View of Test Arrangement. for 
Oscillating Circuits Containing а Condenser Having a 
Leakage, 9 ohms 


Here the terminals a and c are connected together so that the 
terminals of the condenser С having a leakage of ^ ohms аге 
permanently connected to the terminals e and f of the battery. 
The discharge is then started Immediately when the contact ab 
is made, and at the beginning of the discharge the condenser has 
the charge V,C—assuming that 92» Re, where Ro is a large 
resistance inserted in the lead c f.? 

The logarithie decrement ô of an oscillating circuit having a 
series resistance А and a condenser shunted with о ohms is known 
to be: 


banal CES 5 (0) 


By connecting the terminals of the battery permanently to the 
condenser the decrement is accordingly increased to: 


v uz [С lI 1,1 L 
ENA CER CTR, ap 


and consequently the effeetive resistance of the cireuit, owing 
to the permanent connection between condenser and battery, is 
increased by the amount 
1 L 
r^ = ^ . Е (8) 
la ( 


1 [f a very large leakage-free condenser is at hand (see part 4), the arrange- 
ment of Figure 4 may be used even for a leaky condenser €, provided that the 
leakage-free condenser is inserted in series with the leaky condenser. 


4999 
а A а 


By the measurement under discussion, there is directly de- 
termined the total resistance 


раі. 2,1 4 
dac c x 9) 
In order to derive the actual equivalent resistance 
"раі. 1 
В'= В+, ST (10) 


of the circuit itself, the correction r° determined by means of 
formula (8) should be deducted from the resistance R^ deter- 
mined by the throw of the galvanometer. 

In order to keep this correction small, it is advisable to give 
Р, а rather high value. On the other hand it is necessary that 
Ео<<9 in order that the condenser potential may, to a close 
approximation, be put equal to Vo. (The resistance №, should 
be inserted in the lead c f, and not ind e. In the latter case, the 
zero position of the electrometer would be displaced during a 
measurement, since the potential of the two quadrants and the 
needle before the discharge would be very nearly zero, but during 
the discharge would be almost equal to Vo). 

The correction calculated according to (8) would, for two 
reasons, be a little too large. Firstly, the resistance Ё„ will al- 
ways have a little inductance, and consequently its impedance 
is larger than Ro. Secondly, №, will not be perfectly free from 
capacity and this capacity added to the capacity between the 
leads c f and de (see Figure 6) will increase the capacity of the 
oscillating circuit. As the frequency of the oscillations is thereby 
reduced, the effective resistance of the circuit will also be re- 
duced a little. In general, however, both of these corrections 
will be exceedingly small. 

In the measurements on leaky condensers deseribed in the 
earliest publications (6, a and b) large choke coils and large re- 
sistances were inserted in both of the battery leads, and there- 
fore no correction was made for the additional damping caused 
by the battery leads. There is no doubt, however, that it is more 
rational—as was done by Nancarrow and Cohen?—to dispense 
with the choke coils and to correct for the increase іп damping. 
For the reason stated above, it is better, however, to insert the 
resistance in one of the battery leads only, connecting the free end 
of the battery with the key—and not in both battery-leads as 
shown in Figure 2 of the paper of Nancarrow and Cohen. 


5 F. E. Nancarrow and I. J. Cohen, “High Frequeney. Resistance Meas- 
urement,” “Post Office El. Eng. Journal," volume 16, pages 71-51, April, 1923. 


223 


In the case shown in Figure 6, an additional current will flow 
thru the inductance L as long as а b is closed. Тһе value of this 
current is V./R., and if we call the ohmic resistance of L, r’, then 
г. between the points 
А and B. This potential difference will, in normal manner, act 
upon the quadrant electrometer, but is so small that its influence 
is negligible. If, for instance, V,—500 volts, Ро = 50,000 ohms, 
т'= 1 ohm, and if the key is closed 10 seconds, then the corre- 
sponding value of (potential)*xtime-1X10 ? volts? seconds. 
The value corresponding to the oscillations is generally more 
than 20 volts?xseconds. Тһе error caused by the direct current 
thru L is therefore quite unimportant. "The resistance r should, 
of course, not be inserted between the two points A. and B to 
which the quadrant-electrometer is connected. 

The preceding considerations and corrections apply only to 
the measurement of condensers having so great & leakage that 
the arrangement shown in Figure 6 must be applied. 

А further number of possible sources of error found when 
applying this method of measurements must be considered— 
and this even in those cases where the more simple arrangement 
shown in Figure 4 may be used. 

In the derivation of formula (4), only the inductance L has 
been considered, but not the effective resistance of the coil. It 
is very easily seen, however, that the error arising from this— 
for all circuits which are not extremely highly damped—is of no 
importance. 

Furthermore there is the possibility that the appreciable re- 
sistance r, of the lead to the electrometer needle in connection 
with the capacity c, between the needle and the two quadrants 
and the opposing pair of quadrants, respectively, may cause a 
not insignificant error, partly by increasing the damping of the 
circuit and partly by reducing the potential of the needle. 

Тһе first-mentioned error causes an increase R’ of the effec- 
tive resistance, which, to à close approximation, may be deter- 
mined by: 


the result will be a potential difference V, 


2 
hey ee. (11) 


as c, is so small that practically the entire voltage drop is across 
с. This is easily seen from the following: If the potential v 
between А and B is given by (see Figure 4) 


v= V, sin wt, (11, 1) 
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then the current thru the condenser C and the inductance L is 
determined by 
т = 0 У„С cos wt (11,2) 
while i’ thru the electrometer lead under these conditions is 
given closely enough by 
i =w У, со сов wt (11, 3) 
The loss of power in the oscillating circuit is consequently 
equal to à w? Vm? C? R and in the electrometer $ ,?V4?C;,?r,. 
The total loss is therefore 
о? Vm? (C?3R--c 7) = 3 о Vm? C? (R+R’) 
where R’ has the value determined by (11). Тһе capacity of 
the needle does not necessarily exceed 5 cm. and the resistance ro 
of the needle-lead may be about 200 ohms, while the condenser C 
will often be over 10,000 cm. If со--5 cm., 70-200 ohms, and 
C -10,000 cm., then R’=0.00005 ohms—a quite negligible in- 
crease in the effective resistance of the circuit. 
The fraction 7 of the potential difference lost in the needle 
lead is, according to (11, 3), determined by 


Со То 
7 = W Co To = VLC (12) 


If—as above—r,- 200 ohms, c,—5 cm. —0.55X10 ! farad, 
and #=1X10° then 7=0.0011. This correction is also quite 
negligible in all cases where the frequency does not substan- 
tially exceed the above value. 

Equations (11) and (12), on the other hand, show the impor- 
tance of as small & value as possible of the resistance r, in the 
needle lead; but if the suspension wire for this reason is made 
short and thick, the electrometer will be too insensitive. 

This difficulty was overcome by the arrangement shown in 
Figure 5а. The suspension wire is а quartz fibre Q, and the elec- 
trical connection is affected thru the stout wire S carrying a 
Wollaston wire W. Тһе core of the Wollaston wire is a 0.004 mm. 
thick platinum wire and the silver coating is removed only from 
the middle part of the wire and retained at both ends. Origin- 
allyp we made two hooks of the stout ends of the wire and used 
the hooks as connections to the wire S and to the needle №, 
respectively. 

While this connecting arrangement gave a perfectly satisfac- 
tory results in the tests described in the above-mentioned pub- 
lications,? later investigations have shown that it is not always 


? See note 6a and b. 
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reliable. High contact resistances may appear between the hook 
H and the wire S and between the hook K and the vertical 
aluminum wire Т carrying the needle N, and finally between the 
wire T and the needle № itself. These resistances may vary 
erratically and introduce considerable errors in the measurements. 
Similar observations were made by Nancarrow and Cohen (see 
note 8), who eliminated this difficulty by using a thin metal wire 
for both suspension and connection wire for the needle. Тһе 
said authors were satisfied with the results thereby obtained and 
find this electrometer method very convenient and superior to 
other methods in accuracy. 

We were not, however, quite satisfied with the said suspen- 
sion arrangement which had some drawbacks, partly owing to 
the fact that the elastic properties of а thin metal wire are not 
nearly as close to the ideal as those of a thin quartz wire. Using 
metal wire the zero position of the needle will vary more or less 
from throw to throw and the throws will not be absolutely 
constant. Using quartz wire, the zero position does not move 
and—as we shall see later on—the throws are exceedingly regu- 
lar. We, therefore, rearranged the suspension arrangement as 
shown in Figures 5a and 7, where the quartz wire Q carries the 
needle while the Wollaston wire W makes the connection having 
its two stout ends Н” and K' soldered to the connecting wire 5 
and to the carrier wire Т of the needle, respectively. Тһе elec- 
trical and mechanical connection between T and the needle N 
itself—made of aluminum foil—is secured by using the design 
shown in Figure 7. With this arrangement perfectly satisfactory 
results have been obtained and we prefer this design to the one 
used by Nancarrow and Cohen, at least where accuracy is essen- 
tial. 


3. THE DISCHARGING KEY 


One more source of error has to be considered, namely, the 
losses in the discharging key N (see Figures 4 and 6). At the 
beginning, great difficulties were encountered here. We first 
tried an ordinary discharge-key, but the throws of the electro- 
meter were too small—as small as 1-20th of the value to 
be expected—and very irregular. This, no doubt, was caused by 
the closing-spark at b. Numerous arrangements were tried in 
order to effect a good and sure contact instantaneously. We may 
here mention that we tried polished copper and steel hammers 
making contacts against polished copper or steel plates, the im- 
pact being made with great velocity. None of the various meth- 
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Ғісове 7—New Method for 
suspension of the needle and 
for providing electrical con- 
nection. (Compare Figure 
5a.) In the tests described 
below, the quadrant electro- 
meter had a quarts wire 90 
mm. in length and 0.01 mm. 
thick. The Wollaston wire 
was about 50 mm. long and 
0.004 mm. thick. The needle 
was made of aluminum foil 
0.02 mm. thick. 


ods where the contact was made between solid bodies gave the 
desired results. We next tried to make contact between a per- 
fectly clean surface of mercury and a clean polished rod of metal 
with a rounded end (using steel, tungsten, or platinum) and large 
constant throws were thus obtained—provided that a perfectly 
clean mercury surface was prepared prior to each single dis- 
charge. 

This leads to the conclusion that the contact should be made 
between volumes of mercury in vacuum, and this method when 
finally adopted gave perfectly satisfactory results. At the be- 
ginning we used the mercury lamp shown in Figure 8, where the 
contact is effected simply by tipping over the complete lamp, 
which causes a coherent stream of mercury to run from the one 
branch to the mercury in the other branch. In the following 
this key is called key I. In this key the contact-making jet is 
comparatively long and of course does not always have the same 
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Figure 8—Key I. Mercury lamp used as discharging key. Тһе connecting 

wires a, b, and c. corresponds to the connections denoted by the same letters 

in Figures 4 and 6. Using the arrangement of Figure 6, a and с are directly 

connected, thus shunting out the interrupter f. This is also the case with the 

keys shown in Figures 9-11. Е, and Е; are ebonite pieces. Similar lettering 
is used in Figures 9-11 


cross-section. This may introduce an error of say 0.002 ohms 
while the total resistance of the key is about 0.016 ohms. In 
order to reduce this error we designed the key shown in Figure 
9, having a very short jet. 

The key is mounted on & wooden panel B revolving about the 
axis O. When the key is at rest, it takes the position shown in 
full lines, and in this position b is disconnected while a is in con- 
nection with c. Pushing the shaft M downward, the key is turned 
over to the position shown in broken lines, and the connection 
between a and c is broken before connection is made between 
a and b by bringing into contact the two volumes of mercury. 
When employing the arrangement Figure 6, a and c are directly 
connected and the interrupter f, thereby put out of operation. 

А third type or key is shown in Figure 10. 

If the handle M is brought up by a quick movement into 
the position shown in broken lines, the mercury drops from the 
bulb V down into the other end of the key, thus making contact 
between the two volumes of mercury—that is, contact is pro- 
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duced between a and b. Тһе purpose of this key was to investi- 
gate whether it was of any importance to make the contact 
between the mercury volumes with great rapidity. 


Кісунке 9—Key II. The mercury in the bulb V serves to regu- 
late the volume of mercury in the lower, active part of the key 


Beside these keys we have also tried one of the same design 
as was used by Nancarrow and Cohen" but mounted similarly 
to our own keys, as appears from Figure 11. This key was filled 
with hydrogen, while the keys I, II, and III, were evacuated 
to & pressure of not exceeding 0.0001 mm. of mercury. 

With these four keys—and several others—a series of com- 
parative measurements have been made, using the arrangement 


19 Тһе key itself was delivered by А. C. Cossor, Ltd., London, and was 
the same type as used by Nancarrow and Cohen. 
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mmo o 5 /Ост 
Figure 10--Кеу III 


shown in Figure 4. With the same oscillating circuit and a con- 
stant value of V, the throw of the quadrant electrometer for the 
'arious keys has been measured.!! Ten readings have been taken 
for each of the keys, the mean value of which is shown in Table 1, 
where also is shown the mean error of the difference between the 
single throws and the mean value. 

Column 4 of the table further shows the total resistance of 
the circuit (R = R?^--effective key resistance)—calculated on the 


п The distance between mirror and scale was about 3 meters. 
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basis of the throw given in column 2. The resistance given for 
key II was determined in & special series of tests which will be 
mentioned below. 

Column 5 shows the direct current resistance R’ of the keys 
when closed. Column 6 shows the resistance R°+the “spark 
resistance" Ro of the key. We have accordingly R°+R,=R-—R’. 
Column 7 shows finally the difference between the “spark re- 
sistance" of key II and the same resistance of the other keys. 
Later on we shall see that this resistance for key II may, to a 
close approximation, be taken to be zero. 


TABLE 1 
CoMPARISON OF Various Keys. (V,=450 Уо1тѕ) 


sistance 


Resist- 

Resist- Resist- ance," 

ance of ance of Calcu- 
the the lated 


circuit from 


Key 
R Ohms | R' Ohms | Columns 
4 à 


I Fig. 8—Vacuum... 20. , 0.5099 | .0 0.4939 
II Fig. 9—Vacuum... І , .0210 0.4937 
III Fig. 10—Vacuum... { .05 0.5078 0.0132 0.4946 
IV Fig. 11—H ydrogen 

(English key}. қ ; 0.6151 0.0200 | 0.5951 


Keys I, II, and III have practically no spark resistance while 
the hydrogen-filled, English key has a little over 0.1 ohm. 

The table further shows that key II has the smallest mean 
error—less than 14 part per thousand. Least satisfactory in this 
respect is the key which was originally used—number I—but 
this, as mentioned before, is surely due to the relatively long 
"mereury thread" by means of which the connection is estab- 
lished between the two volumes of mercury. 

Key II gives the most constant throws, has practically no 
spark resistance, and is exceedingly convenient to use. This type 
of key is no doubt the best one, and so far it has not shown any 
disadvantages whatever. 

Besides these keys we have tried various others, and we have 
further tried various gas pressures in key II — using air as well 
as hydrogen. Тһе result of these investigations may be sum- 
marized thus: Ав long as the mercury is perfectly clean, the 
spark resistance is very small, at least for pressures above 10 mm. 
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of mercury and below 0.1 mm. pressure. Between these two 
limits the spark resistance can, on the other hand, reach quite 
considerable values when, at the same time, the closing spark 
becomes very luminous. 


Кісоне 11--Кеу IV. Filled with Hydrogen and of same design as was used 
by Nancarrow and Cohen 


If the key contains oxygen the mercury surface rapidly be- 
comes dirty owing to oxidation produced by the contact sparks, 
and the result of this is a high and variable spark resistance. Іп 
this state, the key is useless. Тһе key bulb must therefore be 
completely emptied of oxygen, either by pumping or by washing 
with hydrogen. However, keys containing hydrogen at consider- 
able pressures show some spark resistance. Тһе best way is to 
clean with hydrogen and then exhaust the bulb as far as possible. 
Treated in this manner the keys have—according to our experience 
—an unlimited life. In such a key, the closing spark for V,- 400 
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volts and С = 25,000 cm. is very faint and hardly visible in com- 
plete darkness. 

Recently Professor J. T. MeGregor Morris called my atten- 
tion to a very interesting paper throwing much light on this ques- 
поп (J. T. Morris: “On Recording Transitory Electrical Phe- 
nomena by the Oscillograph," “Тһе Electrician," June 7, 1907). 
In this paper it was shown that with the generally used contact- 
making devices, a permanent contact is not made instantaneously 
but only after several contacts have been made and broken. For 
an ordinary tapping key contact, this intermediate state lasts 
for about 0.023 seconds, for instance, with four intermediate 
makes and breaks. With a mercury pool and a needle point con- 
tact, the permanent contact is completed in from 0.002 to 0.001 
of a second with one or two intermediate breaks. 

This makes it perfectly clear why it is impossible to use the 
ordinary telegraph key as a discharge key in this method of meas- 
urement, and all the information given in the above-mentioned 
paper indicates that a contact-making device consisting of either 
a clean butt-ended metal rod and a elean mercury surface or 
between two clean mereury masses would make a permanent 
contact at once and could thus be used for the discharge kev in 
question with good results. 


FIGURE А 


.It was also shown by the author of the above-mentioned 
paper that the intermediate breaks just after making the initial 
contact were due to rebounding of the contact pieces; апа he 
overcame this difficult y—at least for the purpose he had in mind 
—by use of a modified knife blade contact of a form as shown in 
Figure А, corresponding to Figure 5 of cited paper. On the brass 
blade A of the switch an extension B of ebonite was fitted, having 
exactly the same width as the blade itself. To quote the paper: 
“Ав the ebonite extension was already in the jaws of the switeh 
before the switch was tripped, when the brass entered the jaws 
of the switch it quickly glided in without any jar at the moment 
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of electrical contact. As far as the records taken with this form 
of switch contact go, it appears to work absolutely instantane- 
ously, but certainly within 0.0001 of a second. Needless to 
remark, the contacts must be moderately clean, and an ordinary 
working pressure of jaws is necessary.” 

This indicates a possibility of using this modified knife blade 
contact—we call it type A key—for our discharge key and we 
therefore made such a key, and current oscillograms were taken 
for this key, for an ordinary telegraph key, and for the mercury- 
mercury key number II. In agreement with the above-men- 
tioned paper, we found that the ordinary tapping key contact 
gave intermediate breaks while key À and the mercury-mercury 
contact gave smooth starting curves for the current, thus indi- 
cating that they made permanent contact at once. 

We therefore tried key А as a discharge key in our method 
of measurement with the following results: 


Key Readings mm. Remarks 


Mercury-mercury 205, 205, 205, 205 


29, 81, 113, 59, 33 Kev closed directly by 
145, 48 hand 


182, 188, 198, 168 Key closed by means 
201, 203, 202, 204, of quick blow from a 
203, 199, 204, 198, wooden hammer 

202, 201, 200 


It thus appears that the key А worked very rapidly was 
much better than the ordinary tapping key and, in some cases, 
came very close to the mercury key. But this latter key is far 
more constant апа is much more convenient to use than key А, 
as it is necessary every now and then to grind the two sides of 
key À in order to get rid of small projections between the ebonite 
and the brass. This key also has to be kept very clean; other- 
wise it became far inferior to the mercury key. We therefore 
prefer the mercury key. 


4. CARRYING Ост ое MEASUREMENTS 


The method described above can be used in various ways for 
the determination of the radio frequency resistance of an oscil- 
lating circuit at its natural frequency, and consequently for de- 
termination of radio frequency resistance of inductances, con- 
densers, etc., at any desired frequency. 

We shall commence with а treatment of the first-mentioned 
problem. If the condenser of the oscillating circuit is practically 
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without leakage, then the arrangement shown in Figure 4 is em- 
ployed. With the extra resistance r inserted in the oscillating 
circuit we have—as shown in part 1— 


Ree gnis 


28 P. р. (4,2) 
where Р, is the throw of the quadrant electrometer with the total 
resistance R+r in the circuit while Ko is a constant as long as 
the potential V., the inductance L, and the ballistic constant В 
of the electrometer are kept constant. 

Taking two measurements, one with 7-0 and one with r=r, 
the resistance of the circuit itself is determined by 


Ё=т cl (5) 


In order to check the accuracy of these measurements, vari- 
ous values of r may be inserted and the resistance R determined 
for each value by means of equation (5). In Table 2, there is 
recorded a series of such measurements. 


TABLE 2 
Key II, DIAGRAM FIGURE 4, RESISTANCES IN OHMS 


The added resistances 
Mean value 
of 


R calculated by means | 
of equation (5).....| 0.501] 0.499] 0.499] 0.500) 0.499] 0.4996 


Using the arrangement shown in Figure 6, where the conden- 
ser of the oscillating circuit is permanently connected to the bat- 
tery during the measurements, the resistance of the circuit—as 
stated in paragraph 2—is increased by the resistance r^ deter- 
mined by 


о 


r = 


1.1, 
R C (8) 
where Ко is the resistance of the conductor between the free 
terminal of the battery and the discharging key. 

In Table 3, there is recorded an example of a series of such 


measurements taken on the same circuit as dealt with in Table 2. 


TABLE 3 
Key II, Diagram FIGURE 6, RESISTANCES IN OHMS 


Тһе added resistances r 2| 0.5 1.0 1.5 2.0 Mean value 
of (R+r°) 


— —Ó— 


R+r°calculated by means 
of equation (5) = 0.608 | 0.609 ; 0.609 | 0.610 0.6090 


According to Tables 2 and 3, the correction r^ should have 
the value of 0.6090 — 0.4996 = 0.1094 ohms. The correction cal- 
culated by means of equation (8) is 0.1146 ohms (L=1.34X 
10 ? hy., C2 1.11 X107? farad, R = 105,000 ohms). Тһе correc- 
tion calculated is thus 0.0052 ohm greater than that measured. 
As stated in paragraph 2, the correction thus calculated is a little 
too large, and the agreement is therefore quite satisfactory. 

The measurements recorded in Tables 2 and 3 were carried 
out with key II. For comparison there is recorded in table 4 a 
series of measurements on the same circuit but using key IV. 


TABLE 4 
Key IV, DIAGRAM 4, RESISTANCES IN OHMS 


The added resist- Mean 


value of 


R calculated by 
means of equation 
5 0.499| 0.500| 0.502} 0.502| 0.501| 0.503] 0.5011 


Comparing with Table 2, we find that key II is a little better 
than key IV, but even the latter gives sufficient accuracy for 
practical use. 

For these measurements there was used as the “added re- 
sistance" the rheostat shown in Figure 12, which is variable in 
steps of 0.1 ohm from 0.1 to 2.0 ohms. Тһе resistance is made 
of a single constantan wire provided with taps soldered on at 
suitable intervals. | 

The exact adjustment of the individual values was done by 
carefully scraping away some of the wire. 

For measuring radio frequency resistances above 5 ohms, we 
used as the added resistance radio frequency rheostats of higher 
resistances. This method may conveniently be used for meas- 
uring the radio frequency resistances of coils up to several hun- 
dred ohms. 

In carrying out the measurements on highly damped coils, 
that is, coils for which R/L has a high value, it will often be 
preferable to insert another coil (Li) into the oscillating circuit, 
(Т) having а great inductance and a small but known radio 
frequency resistance. The throws of the electrometer may 
thereby be considerably increased. 

To measure £n unknown radio frequency resistance z having 
no inductance or capacity, we simply insert this resistance in- 
stead of the known resistance r in Figure 4. If beforehand we 
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have determined in the way set forth above, the resistance R 
of the circuit itself, then, by means of equation (4, 2), we may 
find the constant K,— РЕ. We then have 

K, 
where P, is the throw of the electrometer after having inserted 
the resistance x in the circuit. 
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С D 
F IGURE 12—Rheostat used as 
“added resistance" in these 
measurements and made of a 
single 0.3 mm. Constantan 
Wire 

To measure the difference in radio frequency resistance of 
various condensers having equal capacity, we successively insert 
various condensers into the oscillating circuit and determine the 
corresponding throws Р, (л) of the electrometer. Having pre- 
viously determined the constant A, we then have 

| K. 
ЖӘЕ Pao (14) 

The condenser, denoted by (n), has then an effective resist- 
ance at the applied frequency of (Rc — Recm) ohms more than 
the resistance of the condenser (m). 

If one of the condensers is to be considered as leakage- free, 
and if we denote this by (о), then the resistance г (п) of. the- con- 
denser (n) is given by “2 са 
Tn = Re (ny — Reco) (15) 
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We have found that carefully made condensers, using pure 
ruby-colored mica as dielectric, and with plates made of not too 
thin copper foil, with a perfectly clean surface, do not show any 
more loss in dry air than an air condenser of the same capacity.!? 
Such mica condensers may, therefore, be considered as being 
without loss. But it is very essential that the air be dry, for if 
this is not the case, the mica condensers will show a considerable 
loss. It is therefore necessary to embed the condensers in paraf- 
fine or to use some other suitable means of keeping them dry. 

In the following Table 5, giving the results of measurements 
of radio frequency resistance of some condensers, condenser 
number (о) is considered free of loss. 


TABLE 5 


COMPARISON OF THE EFFECTIVE RESISTANCES OF DiFFERENT CONDENSER3 AT 
FREQUENCY оғ Авоот 15,000. (С --100,000 cm.) 


Total Resist- Dielectric Thick- 
Resist- | ance of Material 27 
апсе оѓ Cons [= ee n о 
Circuit | denser Thick- оррег 


R, ohms | Materia 


Remarks 
1 
ness miu. 


Copper foil carefully 
colored cleaned of grease and 
Mica i 


oil 

Copper foil not 

clean 

0.5000 | 0.0265 oe 0 ‚0: Preparation unknown 

0.5071 | 0.0336 | Green- | Copper foil carefully 
colored cleaned of grease and 
Mica oil 

2.1373 | 1.6638 |Celluloid| 0.117 


0.5189 


If loss-free condensers or condensers of a known loss are used 
the method here described is very convenient for the determina- 
tion of radio frequency resistances of any coil or condenser at any 
desired frequency, but it is hardly necessary to dwell any longer 
upon this point. We will therefore consider here only one appli- 
cation of the method, namely the determination of radio fre- 
quency resistances of dielectric materials. The arrangement 
shown in Figure 13 is used for this purpose. In parallel to the 
variable condenser C is placed an air condenser C’. Between the 
plates of the latter is placed a sheet (p) of the material to be inves- 
tigated. The thickness of this sheet is denoted by d cm. If the 

12 Air condensers will generally show even a little higher loss owing to 
longer connections. It is very essential that the different condensers should be 
treated alike, especially with regard to temperature and humidity of the air. 
By breathing on a condenser one may materially increase its effective resistance 

The described method of measurement is so s2nsitive that the influence 
of variations in humidity and temperature of the air on the effective resist- 
ance of oscillating circuits is easily observed. The throws of the galvanometer 


will, for examole, generally have different value when the door of the test room 
is op2n from the valu2 when it is closed. 
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material shows any perceptible conductivity for direct current, 
it is appropriate to place two very thin mica sheets e (0.02 — 
0.05 mm.) between the sheet p and the condenser plates as shown 
in Figure 13. This also makes it unnecessary to have the bat- 
tery permanently connected to the condenser and renders needless 
the correction mentioned in paragraph 2.13 


Кісенк 13— Arrangement Used for Determination of Ra- 
dio Frequency Resistanees of Dielectric Materials 


The measurements are carried out as follows: The radio fre- 
quency resistance of the oscillating circuit without the test sheet 


P 


in С” is determined in the usual manner by ZH-r,—;5:*: 


0 Li 


Next the sheet p is introduced into C’ and the capacity of C is 
reduced until the total capacity has the same value as before. 
If the throw of the electrometer is now P’, then the increase of 
the radio frequency resistanee—R’—caused by the sheet p 18 
determined by 


/ , 
gp uc. eg. uo nx 

ER I" “Рр op : р! 

This increase of resistanee may be imagined, for instance, as 

a resistance—’—shunted across the condensers С and C’ and, 
according to formula (6) or (8), paragraph 2, R° is determined by 


1 L 


ur 17 
=a c (17) 


(16) 


where C, is the total capacity. 


13 Тһе introduction of these mica-sheets. is, however, permissible only 
if the following relation is satisfied: 
n g0d 1 >i 
t 1S X10'! і 


where n is the frequency, € the dielectric constant of the mica, t the total thick- 
ness of the mica sheets (em.) and 9 the specifie resistance of the dielectric 
material while d is the thickness of the sheet p. If the above relation is not 
satisfied, a considerable part of the potential drop across the condenser C’ 
will be found across the miea sheets. This introduces an error which, under 
unfavorable conditions, may be very considerable. In such cases the arrange- 
ment shown in Figure 6 must be applied. 
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If the thickness d of the sheet is small compared with the 
diameter D of the plates in the air condenser C', then the re- 
sistivity 9 of the test plate p at the applied frequency is deter- 
mined with sufficient accuracy by 


F 
Ue me 3 [Ohm рег cm?] (18) 
where F = К D? 15 the area of the air eondenser. 


5. DETERMINATION OF THE BALLISTIC CONSTANT OF THE 
ELECTROMETER 


In the investigations treated above, there is an uncertainty 
in one regard. In table 1, paragraph 3, we have arbitrarily put 
the “spark resistance” of key II as equal to zero. The measure- 
ments so far considered, give us only the difference between 
the spark resistances of the various keys. The fact that, in spite 
of considerable differences in design, the three evacuated keys 
show very little difference in "spark resistance" makes it proba- 
ble that this resistance is very small in all of them—but it is not 
a proof. Such proof can be produced only by an independent 
determination of the ballistic constant of the electrometer. 
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Кеспе H1— Arrangement for Determination of the Balli 
Constant of the Electrometer 


For this purpose we have used the arrangement shown in 
Figure 14 where 2, is a fairly large resistanee— which is, as far 
as possible, without eapacity or inductanee -and €, is a good 
leakage-free mica condenser. If C, is charged by means of the 
key .V to the potential difference, Vi, and then discharged thru 
the resistance Ki by throwing the key № over into the position 
a b, the potential difference between the points A and B will vary 
during the discharge. The time integral (В) of this difference 
squared is easily calculated beforehand. 

In order to evaluate the influence of a small inductance in Ri, 
we will carry out the ealeulations under the assumption that, 
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beside the resistance Кі), there is an inductance Li, assuming the 
circuit C, Li, R, to be aperiodic. 

If we denote the initial value of the potential difference across 
the condenser by Ve, and introduce the following abbreviations 


25 К, 2 _ 1 
Sag ane ае ы, 
then we have 
V, e MN 
ПИЕНО ос nr LE 2.-.Һ,2 (-ж Үк12-Лһ12М4 
vi 24/ x1 —h,? | (i-i hı Je » (19) 


+ (HM EA tH h,?)e 0 Nara 
from this we get 
= 1,,44?-c-h? 1 Li 
= n? L—--pyp2——————-—-ey? — ]* 
B f т а! 171 KAP jV! RiC+ g, (20) 
Using the arrangement of Figure 14, R, will generally not 
be less than 10,000 ohms and C generally not less than 0.1 1079 
farad. Тһе last term inside the parenthesis in equation (20) is 
then negligible in comparison with the first, and we may there- 
fore, to а close approximation, put 


B= 5 V^ Ri C (20, 1) 


If the resistance R, has a capacity Ci, as indicated by the 
broken lines of Figure 14 (but without resistance in the connect- 
ing wires), this capacity will instantaneously be charged at the 
beginning of the discharge to the potential difference V; · - CX 

1 


C also will have this potential. In this case, we get 


-l(y C y. a lye €. 
В, = 9 (v. 25 Р, (С-ға) = 9 Y 1 С-єс, Ё, (22) 
From this it follows, by comparison with (20, 1), 

В С 

В i at+C (23) 


For good resistances, this correction also is quite negligible. 


Finally we have to consider the influence of the loss which 
is caused in this case by the making of the contact at b. Here 
we find, Just as is set forth above, that if an ordinary discharge 
key is applied at N, the throws of the electrometer G are too small 
and somewhat irregular. Even if the conditions are here far less 
unfavorable than when discharging thru the oscillating circuits 
of Figures 1 and 4, yet such a key is inapplicable. Using key II, 
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the throws are perfectly constant, and as only a single closing 
of the current is effected, we can surely consider in this case the 
resistance of the key to be negligible in comparison with the large 
resistance R,. We can therefore without hesitation apply the 
arrangement of Figure 14 to the determination of the ballistic 
constant. All that is required is to calculate the value B by 
means of equation (20, 1) and to measure the throw P of the 
electrometer; we then have 

В = ВР, (24) 
where В is the ballistic constant. 

Having in this manner determined the value of Ê we can, 
by means of formula (4, 1) in paragraph 1, namely 

L 
Ё= аъ. с V4 (24, 1) 
determine the resistance R of the circuit. 

In this manner the resistance of a certain circuit was deter- 
mined to be 0.684 ohms while a determination according to the 
method using added resistance described in paragraph 4 gave a 
resistance of 0.683 ohms—an agreement which is quite satisfac- 
tory. We can therefore, without hesitation, put the resistance 
of key II as equal to zero. 


6. CONCLUDING REMARKS 

Тһе method offers among others the following advantages: 

(1) Much greater accuracy than the methods hitherto ap- 
plied, especially for feebly damped circuits. 

(2) The method is simple, convenient, and quick. 

(3) No special generator for radio frequency oscillations is 
required, and there is therefore no complication arising from 
tuning or coupling. 

As a slight disadvantage, it may be mentioned that the 
quadrant electrometer requires a fairly stable support, while on 
the other hand it is safely transportable with the clamping device 
shown in Figures 5a and b. 

In working out this method I have hadexcellent assistancefrom 
Mr. J. P. Christensen, Mr. Chr. Nyholm, Mr. B. B. Rud, Mr. Kay. 
Christiansen, Mr. Nørregaard, and Mr. J. Egelund-Nielsen. 

Part of the expenses have been defrayed from a grant re- 
ceived from the “Н. C. Orsteds Fond for teknisk-videnskabelig 
Forskning," founded by The Great Northern Telegraph Com- 
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of The Royal Technical College, 
Copenhagen, September, 1924. 
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SUMMARY: The author criticizes the existing methods for the measure- 
ment of radio frequency resistance and describes a new electrometer method, 
where a quadrant electrometer is put across the inductance in an oscillatory 
circuit. The condenser of this circuit is charged to the voltage V, and dis- 
charged thru the inductance by means of a special key. 

The throw of the electrometer will then be proportional to V,?— L/2R. 
The theory of the method is given and it is shown how to eliminate the 
different possible sources of error. With this method the radio frequency 
resistance of even a very feebly damped circuit may be determined with an 
error well within one part in a thousand, and this determination may be made 
in a few seconds. | 
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NOTE ON TELEPHONE RECEIVER IMPEDANCE* 


Bv 
E. Z. STOWELL 


(UNIVERSITY OF NEBRASKA) 


Some time ago the writer made a series of measurements of 
telephone receiver impedance to radio frequencies at the Bureau 
of Standards Radio Laboratory. It is believed that the results 
will be of interest. 

The method employed was that of resistance variation, using 
the circuit of Figure 1. In the circuit Z is a standard inductor, 
a single-layer solenoid on a polygonal frame ; C is a variable 
standard air condenser, with a vernier condenser in parallel; 
R is a pure resistance which can be discontinuously varied; a 
thermocouple T and a galvanometer G for direct current indicated 
resonance. The entire circuit was enclosed in a grounded copper 
cage, with the exception of the galvanometer. The leads to the 


Generator (009000 


000% 
L 


Receivers 


FIGURE 1 


galvanometer were enclosed in grounded lead sheath. Оп the 
side of the cage next the coil the screen was widened sufficiently 
to permit of the introduction of an emf. from the output coil of 
a 250-watt electron tube oscillator. 

The resistance of the circuit was determined as follows: 


* Received by the Editor, October 24, 1924. 
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The source and the measuring circuit were both tuned to the 
desired frequency and the galvanometer reading noted. Then 
one of the standard resistors R was introduced into the circuit 
from outside the cage. The circuit remained in tune, and the 
galvanometer was again read. Assuming (1) that the applied 
emf. was constant, and (2) that the galvanometer deflections 
were proportional to the square of the current, the resistance 
of the circuit originally was 


where Ar is the extra resistance introduced by the standard 
resistor, di and ds being the deflections before and after the 
introduction of Ar. 

Suppose the resistance of the measuring етеш to be measured 
in this manner. The telephone receivers, suspended horizontally 
in an auxiliary. grounded cage. are introduced in parallel with 
condenser С from without. In general the telephones not only 
add resistance to the circuit, but detune it as well. The circuit 
is again tuned by the condenser, the change in capacity being 
noted and the resistanee again measured as deseribed above. 
The resistanee and reactance of the inserted phones аге now 
known from these relations : 


A 5 

Шы О 
ESI 

| | = А. В, 

5 DECAL, 
we s 5 ? Е | 
` (2) ene] 
1 j 


where €; and A, are the capacity and resistance in the circuit 
without the headset. the insertion of which changes them to 
C^ and Ry. respectively. € and Cy of course include the capacity 
of the inductor L. wis 25 times the applied. frequeney. 

Observations were mide on about 50 pairs of telephones, 
comprising 14 makes. at S isolated frequencies between 6.000 
eveles хес. and 1000000. eveles сес. Mr. С. T. Zahn eol- 
laborating. The results for a typical pair of telephones now on 
the market are given in Figure 2. 

It is seen that a ра or recelvers beliaves electriealiv like a 
wave trap, or parallel resonance етет. Fhe receivers have an 
eleetrieal natural frequeney quite distinet. from the natural 


ін 


frequency of the diaphragm ; in the case shown, it occurs at 
12,000 cycles/sec. At this frequency, the resistance suffers an 
enormous increase. Above this frequency, the telephones behave 
like à condenser with rather large dielectric loss. 


It appears that the receivers have some characteristics in 
common. 


l. 


2. 


3. 


Their natural frequency falls in the range from 9,000 to 
15,000 cycles/sec. with occasional exceptions. 

Their resistance at the natural frequency is of the order 
100,000 to 200,000 ohms. 

At frequencies above 50,000 cycles/sec. the telephones 
may be considered a condenser of the order of 107° farad. 


. Their resistance above 50,000 cycles’sec. is inversely 


proportional to frequency and may be calculated from 
the relation 


ү 
Со 


where v^ is the constant phase difference and C the 
capacity of the phones. ^ varies with the make from 
0.04 to 0.10 ; 0.06 is an average value. | 

At frequencies of the order of 1,000,000 cycles/sec., 
receivers differ very little among themselves, and little 
change is produced in the impedance by removing the 
electromagnets, indicating that the capacity of the 


R= 
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leads furnishes the major portion of their impedance. 
At these frequencies all the receivers examined act like 
condensers of capacity very nearly 10779 farad. 

With regard to the precision involved in these measurements: 
the ratio of probable error of the impedance to the impedance 
itself is about 0.04 or 4 percent at low frequencies; at resonance 
about 10 percent for the resistance and 50 percent for the react- 
ance, due to the rapid change in the latter; above resonance, 
about 5 per cent and decreasing as the frequency mounts. 

The data for any given pair of telephones, as for example 
those of Figure 2, can be explained fairly satisfactorily by 
assuming a symbolic circuit for them as in Figure 3. Here L.is 


FIGURE 3 


the direct current inductance of the electromagnets of the order 
of a few henrys ; С is the capacity of the leads of the order of 
10779 farad; R the resistance of the electromagnets which 
increases in à complicated manner with the frequency, and r is 
the resistance of condenser C, and inversely proportional to 
frequency. It can be shown that if these four quantities are 
known, the resistance and reactance of the telephones at any angu- 


lar velocity « are 
(i +B (rh) 
R= ( (97. 
| = ; 
(ва) а (1 oon] 
Cw 


» ( "(07 ( (9 
Х = тел EN ILLE сты. 
(en) (Lo - 


(1) 
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In Figure 2 the crosses are values computed from these for- 
mulas; where none appear, they fall so close to the observed 
points that they were omitted for clearness. 

Acknowledgment is due Director Burgess of the Bureau of 
Standards for his courtesy in allowing publication of this 
material. 

Brace Laboratory of Physics, 
University of Nebraska. 
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DISCUSSION* ON 


“ОМ THE RADIATION RESISTANCE OF А SINGLE VER- 
TICAL ANTENNA AT WAVE LENGTHS BELOW THE 
FUNDAMENTAL?” 


AND 


“ON THE OPTIMUM TRANSMITTING WAVE LENGTH 
FOR A VERTICAL ANTENNA OVER PERFECT EARTH” 


By Stuart BALLATINE 


By 
BALTH. VAN DER Por, D.Sc. (MEMBER) 


(Рнүвісізт, Рнплрв” INcANDESCENT LAMP Works, EINDHOVEN, HOLLAND) 


In the two above-mentioned papers, which appeared on pages 
823 and 833, respectively, of Volume 12 of these PROCEEDINGS, 
the writer first calculates the radiation resistance of a vertical 
antenna loaded at the bottom only so that a current distribution 
over the antenna results with a current node at the top. The 
writer finds (formula (19) page 829), the radiation resistance to 


be a function of a single variable 4 = ілі this variable being 


determined by the ratio of the antenna length l to the wave 
length 4. The function is composed of the well-known integral 
sine and integral cosine functions. Further it is shown by the 
writer, that, when the antenna is excited at a wave length below 
the fundamental, the vertical distribution of the radiated energy, 
as represented by polar diagrams, is in certain circumstances 
markedly different from the distribution obtained from an an- 
tenna oscillating at its fundamental wave length. Finally it is 
suggested that important information concerning upper atmos- 
рһегіс reflection may be obtained by exciting an antenna in such 
a way that no energy is radiated in a horizontal direction, but 
at an elevated angle only. Any energy thus reaching a distant 
receiver must then be necessarily reflected and thus important 
data concerning the “Heaviside layer" might be obtained. 

I may be allowed to point out that seven years ago I investi- 


*Received by the Editor, January 2, 19295. 
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gated exactly the same question. Тһе results of this research 
were published in the “Proceedings of the Physical Society of 
London," XXIX, page 269 (1917), and in the “Jahrbuch für 
drahtl. Telegraphie," XIII, page 217 (1917). In my paper, 
however, the problem was tackled in a somewhat more general 
way than in Dr. Ballantine's investigations, loading of the an- 
tenna at the top as well as at the bottom being considered. The 
radiation resistance, instead of being a function of the ratio of 
the antenna length to the wave length only, was found also to 
depend upon the boundary conditions at the top of the antenna, 
it being different, depending on whether a capacity at the top, 
in the form of a horizontal wire, is present or not. 

In fact Dr. Ballantine's formula (19), page 829, for the radia- 
tion resistance in ohms: 


Боор = 60 E а. (24) — 1 соз да 85, (4а) 


Е Б ло 5, (24) — 55. (4 21] (1) 


is a special case of my more general formula (29), on page 279 
of the “Phys. Soc. Proceedings (London)," which in the present 
notation reads 


Itu = 60| sin ». S,(2a) ics 27 . SY(4 «) 


+ sin 2 i) 8. (24) — AC a) }+ zd Ё m JJ (2) 


2 да 
І 
where: cos $ = "P 
loop 
cos 7 | m m 
loon 
271 
7 + C = @ = = 
A 


Si (2) =log x+0.577216 — C (г) 


For, with Lo =0,%= 


loop 


5 and у-4- A and (2) is reduced to (1). 
In my paper the vertical distribution of the radiated energy is 
also fully considered and depicted in seven drawings. It was 
also suggested there that, in order to get information about the 
higher atmosphere, it was feasible to send waves upwards at an 
inclined angle by exciting an antenna at a higher harmonic. 
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Recently very important experiments along these lines have 
been carried out,! in England, France, and Germany, and, up 
to the present, cases have been reported where at great distances 
better reception was obtained when the transmitting aerial was 
excited at a higher harmonic than when it was oscillating at the 
fundamental frequency. 


Stuart Ballantine (by letter): I wish to thank Dr. van der 
Pol for calling our attention to his important paper, and for his 
courtesy in sending me privately copies of it and of the foregoing 
discussion. Upon examination I find that he has covered prac- 
tically the ground of my first paper and also independently 
suggested the usefulness of the specially-excited antenna for 
Heaviside layer experiments. His mathematical exposition, ad- 
dressed to mathematical-physicists, is somewhat more prolix than 
my own (in the ratio of forty-eight to seventeen lines), and is 
unfortunately not carried to a numerical conclusion, which, of 
course, is the part of real interest to most of us. I remember 
having spent about three days deriving the formulas (19) for the 
radiation resistance, whereas the numerical computations for 
Figure 3 consumed nearly three weeks. "The sine-integral and 
cosine-integral tables were not complete and I had to build them 
up with the aid of the asymptotic formula. Ав to the second 
paper, on the optimum transmitting wave length of the ideal 
vertical antenna, I do not find anv references in Dr. van der 
Pol's article to this subject. In view of this I do not now think 
that the publication of my papers is such an unfortunate dupli- 
cation as I had been obliged to think after first glancing thru 
Dr. van der Pol's paper; nevertheless, I must express regret 
at not having sooner discovered his work, in order that I could 
have added a reference to it commensurate with its importance 
= and priority. 

The superior generality which Dr. van der Pol claims for his 
investigation seems to me of more academic than practical sig- 
nificance. I see no way of making the current at the free-end 
of the antenna different from zero which does not involve the 
connection of additional structure. If this is done, of course, 
the problem is changed and becomes that of a complex antenna. 
There seems to be a mistake in this part of Dr. van der Pol’s 
paper, for he adds a horizontal section without taking any fur- 
. her account of it than its effect on the current distribution over 


! R. Mesny, "l'Onde électrique," III, page 99 (1924). 
A. Meisner, “Jahrb. d. drahtl. Tel. u. Tel.," XXIV, page 884 (1924). 
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the vertical portion. Over а perfectly conducting plane earth 
the horizontal part will contribute only a horizontal component 
of electric force, so that as far as a vertical receiving antenna on 
the horizon is concerned it is sufficient to consider only the verti- 
cal field produced by the vertical section with its altered current 
distribution. But if the radiated power is to be calculated, it is 
necessary to know the field intensities in all points of the sur- 
rounding surface and the contribution of the top section to these 
intensities must be computed. Also the radiations of the two 
sections cannot be considered separately since the principle of 
superposition fails for the energy. Dr. van der Pol does not 
specify that the finite current at the end of the vertical antenna 
is due to a top section, but he vaguely refers to such a section and 
gives in formula (31) an expression for the radiation resistance 
"of a flat-top antenna without any load at the bottom." If he 
really means this, the formula is, of course, inadequate, and if he 
does not, it is an abstract generalization. For the same reason 
only three of the energy distribution diagrams given seem of 
actual importance. These are Figures 1, 8, and 10. Figure 8 
corresponds to Figure 3 of my second paper, characterizing the 
special Heaviside-layer transmitter. 

It should be mentioned that the possibility of eliminating 
the direct radiation along the earth is not confined to a special 
excitation of the vertical antenna; a horizontal section сап be 
added provided the earth be of sufficiently good conductivity. 
In this case a current distribution in the vertical part of the type 
shown in Dr. van der Pol’s Figure 6 (reproduced below), would 
produce no vertical electric force on the horizon. Over earth 
of imperfect conductivity this would not be true, for as H. von 
Hoerschlemann! has shown, the horizontal section is then capable 
of producing a vertical electric force on the horizon by the in- 
duction in the earth of vertical current components which are 
not symmetrical about the lead-in. 

I had read in ‘‘l’Onde électrique," after my paper had been 
submitted for publication, some fragmentary accounts of the 
preliminary experiments of Commandant Mesny. I hope that 
this work will be systematically and diligently pursued. In this 
connection I may say that my colleague, Mr. R. W. Seabury, of 
Boonton, New Jersey, is erecting at the seashore a special trans- 
mitter of the type described in the last section of my second 
paper, with which we hope to be able to make some careful experi- 
ments over sea-water. 


a von Hoerschlemann: “Jahr. d. draht. Teleg.," volume 5, page 14 
(1912). 
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Figure 6—Reproduced from Dr. van der Pol's 
paper in the “Proceedings of the Physical Society of 
London," 24, 269 


It was discovered some time ago by American amateurs 
experimenting with unusually short wave lengths that the trans- 
mission of certain short waves during the day was surprisingly 
good. This has been popularly attributed to the wave lengths 
employed, due I suppose to some esoteric predilection of the 
Heaviside reflecting mechanism for these wave lengths. I be- 
lieve that a better explanation can be based on the probability 
that most of these short waves were produced by antenna sys- 
tems which had previously been designed to operate at wave 
lengths four times as long, that is to say, fifty-meter waves were 
being produced by antennas, the fundamentals of which were in 
the neighborhood of two-hundred meters. In this case the energy 
would be radiated up into the air and if, according to modern 
speculation, the Heaviside-layer is a better reflector by day than 
by night, the superior long-distance transmission could be readily 
explained. It would thus seem that the optimum transmitting 
wave length, while being definitely indicated in normal circum- 
stances, would in the presence of celestial reflection depend upon 
many things, the height of the reflector, the distance of the 
receiver, and so on, and would therefore dodge specification. 
For perfect earth it is 0.39 of the fundamental (idealized case 
considered іп my paper); for ordinary earth it approaches the 
half-fundamental (as I shall show in a forthcoming paper); and 
for Heaviside-layer transmission it could be anything but would 
most likely be somewhere near the quarter-fundamental. АП 
of these wave lengths are substantially below the fundamental, 
in à region of which I believe we have been too neglectful. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


IssuED JANUARY 6, 1925—FEBRUARY 24, 1925 


By 
JoHN B. BRADY 
(PATENT LAWYER, OURAY BUILDING, WASHINGTON, D. С.) 
1,521,777—D. С. McCaa, filed July 10, 1923, issued January 6, 


1925. Assigned to the Electric Apparatus Company, Park- 
ersburg, Pennsylvania, a corporation of Pennsylvania. 
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NUMBER 1,521,777-- Radio System 


Каро SYSTEM, having a circuit arrangement for eliminating 
interference or other disturbances. The frequency of the energy 
which it is desired should be exeluded or reduced in effect and 
represented by oscillations set up by static, atmospherics or other 
natural electricity, is caused to differ from the frequency of the 
energy which it is desired shall be received, and the undesired 
oscillations are neutralized by an opposing and substantially 
equal potential caused by the received undesired oscillations, 
leaving the desired oscillations to effeet the desired signals with 
substantially no disturbance by the undesired oseillations. When 
the undesired radio frequency oscillations are artificially pro- 
duced as by transmitters emitting oscillations of frequeney 
differing from the desired oscillations, their disturbing effects are 
similarly eliminated or reduced. The desired oscillations, prefer- 


*Received by the Editor, March 7, 1925. 
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ably first amplified, are utilized to change the reactance of a cir- 
cuit or path in which both the desired and undesired signals are 
received to materially increase the ratio of amplification of the 
undesired oscillations to the amplitude of the undesired oscilla- 
tions. Similarly, with regard to undesired oscillations artificially 
produced and having а frequency different from the desired 
oscillations, the desired oscillations, preferably first amplified, 
effect a change of reactance of a circuit in which both the desired 
and undesired oscillations are received to render the circuit or 
path resonant to the desired oscillations and de-tuned or non- 
resonant with respect to the undesired oscillations. А local 
source of radio frequency oscillations, having a frequency differ- 
ing from the desired oscillations, is utilized to effect a variation 
of reactance whereby the desired oscillations are caused to par- 
take of maximum amplitude in a certain part or branch of said 
circuit of path and thereby increase the ratio of the effect of the 
desired oscillations to the effect of the undesired oscillations in 
the ultimate signal-translating instrument. 


1,522,020—A. Maurer, filed January 29, 1924, issued January 
6, 1925. 

TABLE FOR RADIO APPARATUS, in which a loop is pivotally 
mounted beneath the table top and arranged to be operated by 
an extended shaft from the front of the table. The shaft has a 
rotatable dial on the extremity thereof and is gear-connected 
with the loop so that rotation of the shaft operates to position 
the loop in the desired plane. 


1,522,070—T. H. Nakken, filed November 3, 1920, issued Jan- 
uary 6, 1925. Assigned to Naamlooze Vennootschap Neder- 
landsche Lumingtron Maatschappli, Rotterdam, a Company 
of Netherlands. 

MEANS FOR TRANSFORMING LicuT IMPULSES INTO ELECTRIC 
CURRENT IMPULSES, by means of electron emission from a 
photoelectric body. The photoelectric body is enclosed within 
a tube exhausted of air. A cathode is provided in the tube for 
emanating electrons. The photoclectric body is subjected to the 
action of a variable exterior source of light and is provided in 
an electric cireuit in which the intensity of current will be varied 
in accordance with the variations in the source of light. The 
tube is provided with a plate and a control electrode or grid 
whereby the exposure of the photoclectrie body to the electron 
discharge may be controlled. 
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1,522,136—D. С. McCaa, filed July 29, 1924, issued January 6, 
1925. Assigned to The Electric Apparatus Company, Parkers- 
burg, а corporation of Pennsylvania. 


NuMBER 1,522,136— Receiving System 


RECEIVING SysTEM, having a means for eliminating or re- 
ducing the effects of electrical disturbances in the reception of 
signals. The desired signal and the disturbing effects are divided 
between reactive paths, one of which is employed for effecting 
the translation of the desired signals, and with another of which 
is associated means for impressing thereon a part of the energy 
of the desired signals previously amplified, to cause a change of 
reactance, and thereby withholding from the signal-translating 
path the effects of the undesired oscillations to greater degree 
than the effects of the signal-representing or desired oscillations. 


1,522,221-Е. F. W. Alexanderson, filed November 20, 1914, 
issued January 6, 1925. Assigned to General Electric Com- 
pany, a Corporation of New York. 


NUMBER 1,522,221—Method of and Means for Controlling 
Alternating Currents 
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METHOD OF AND MEANS FOR CONTROLLING ALTERNATING 
CURRENTS in transmitting systems for radio telephony, wherein 
large amounts of energy may be controlled by the small current 
variations produced by sound waves in an ordinary telephone 
transmitter, in such a way that the sound waves may be faith- 
fully reproduced in suitable receiving apparatus at a distant 
point. The patent describes the Alexanderson magnetic ampli- 
fier. А reactance is connected in the antenna circuit. А second 
circuit including a magnetizing winding is inductively related 
to the reactance in such а manner that the impedance of the 
antenna circuit may be varied by varying the current flowing 
in the magnetizing winding. А third circuit is provided, having 
means therein for producing a variable current and means for 
amplifying and reproducing in the second circuit the energy 
variations of the current in the third circuit, the amplifying 
means being capable of producing materially greater energy 
variations than can be produced with an ordinary telephone 
transmitter. 


1,522,286—H. P. Clausen, filed February 3, 1920, issued January 
6, 1925. Assigned to Western Electric Company, Incorpor- 
ated, a Corporation of New York. 


METHOD AND APPARATUS FOR MOUNTING FILAMENTS in elec- 
tron tubes, which consists in attaching a pair of resilient wires 
to the ends of the filaments and securing the wires at an angle 
to an intermediate portion of a pair of lead-in wires within the 
tube. The lead-in wires are bent to flex the resilient wires to 
provide tension in the filament. In this manner there is no ten- 
dency for the filament to sag over against the grid during. the 
expansion due to heating of the cathode. 


1,522,305— M. Latour, filed July 14, 1920, issued January 6, 1925. 


КАшо RECEIVER, in which the received signals control the 
luminous condition of a thermionic filament which may be used 
to make an impression upon а photographic band at a radio re- 
ceiving station. The incandescence of the lamp filament is con- 
trolled by the received signaling energy for setting into operation 
a photographic process. 


1,522,308—H. Е. Lowenstein and Е. E. Clement, filed August 

14, 1922, issued January 6, 1025. Assigned to Edward F. 
Colladay, Washington, D. C. 

Rapio RECEIVING APPARATUS, which may be supervised in 


260 


its operation by an operator at a radio switchboard connected 
by line wire with the subscribers’ station. 


1,522,357 —E. E. Clement, filed August 14, 1922, issued January 

6, 1925. Assigned to Edward Е. Colladay, Washington, 

D. C. 

RADIOPHONE SYSTEM, wherein a central high power station 
is employed for transmission on different wave lengths. А 
plurality of sub-stations is provided for receiving the radio sig- 
nals from the central station. Wire circuits inter-connect the 
central station with the sub-stations for supplying power for 
operation of the radio receiving sets. 


1,522,358—E. E. Clement, filed August 14, 1922, issued January 
6, 1925. Assigned to Edward F. Colladay, Washington, 
D. C. 


RADIO ADVERTISING SYSTEM, which includes a combination 
line wire and radio communication system. The system so asso- 
ciates radio transmitting and receiving apparatus with a tele- 
phone trunk line that the radio operator can reach the subscriber 
over two paths, that is, by line wire and by space radio. The 
subscriber сап talk to the radio operator while listening to the 
broadcasting, while the radio operator can connect the subscriber 
by line wire to the space radio system for broadcasting the con- 
versation. 


1,522,360—E. E. Clement, filed February 29, 1924, issued Jan- 
uary 6, 1925. Assigned to Edward F. Colladay, Washington, 
Dx. 

Каро BROADCAST SELECTING AND DISTRIBUTING SYSTEM, 
in which a central station has wire connections with the sub- 
scribers’ stations and supplies an unmodulated periodic current 
by line wire to the subscribers’ stations for use as a heterodyne 
for incoming signaling waves. A master oscillator at the main 
station serves as the local source of oscillations for each of the 
subseribers. 


1,522,361—Е. E. Clement, filed February 29, 1924, issued Jan- 
чагу 6, 1925. Assigned to Edward Е. Colladay, Washington, 
D. C. 
Rapio BROADCAST SELECTING AND DISTRIBUTING SYSTEM, 
wherein a centralized receiving station collects energy from a dis- 
tant transmission station and re-transmits the same to sub- 
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scribers within a local area. The power for each of the sub- 
scriber sets may be supplied from the central station. 


1,522,362—E. E. Clement, filed March 22, 1924, issued January 
6, 1925. Assigned to Edward F. Colladay, Washington, 
D. C. 


SUBDIVIDED SERVICE SYSTEM OF Rapio Broapcast Dis- 
TRIBUTION, where the central station transmits to a plurality of 
subscribers' stations either by currents over a line telephone 
circuit or space radio, the power for tha radio receiving sets being 
supplied from the lines. Switching means are provided for chang- 
ing the tuning of the receiver when connections are changed 
from the antenna or line wire circuit. 


1,522,581—L. Espenschied, filed August 16, 1922, issued Jan- 
uary 13, 1925. Assigned to American Telephone and Tele- 
graph Company, New York. 


RaDio BROADCASTING SYSTEM, іп which the receiving sta- 
tions are enabled to have a positive indication at all times as to 
whether or not they are in connection with and ready to receive 
from the central broadcasting station. Тһе purpose of such an 
arrangement is to afford a broadcasting subscriber, who may be 
sending out information of a business character or otherwise, a 
greater measure of assurance that the receiving stations to which 
he desires to transmit are actually receiving the information 
sent out. А second purpose is to give the subscriber at the re- 
celving station definite information as to the condition of re- 
ceptivity of the radio transmission channel. А break in this 
transmission channel may be due to some defect in the receiving 
station itself or some defect in the transmitting station, but in 
any case, it is desirable that the receiving subscriber shall be 
notified as to the condition of the channel. Such assurance on 
the part of the broadcaster is especially needed in the case of 
emergency alarm services as, for example, when a broadcasting 
station may be employed to transmit fire alarms to a number 
of designated receiving stations, or where police information 1s 
broadcast from a central station to a number of correlated 
"pick-up" points. The invention briefly consists in sending out 
continuously carrier waves from the broadcasting station and 
emploving these at each of the receiving stations to operate an 
indicator or alarm device; in other words, to establish normally 
channels between the broadcasting station and all the receiving 
stations involved and to operate these channels on the closed 
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circuit basis, whereby the receiving station always definitely 
knows, as by the holding up of a signal, that it is in proper con- 
nection with the central station. 


1,522,745— А. Press, filed June 17, 1920, issued January 13, 1925. 
Assigned to Westinghouse Electric and Manufacturing Com- 
pany, Pennsylvania. 


BALANCED ANTENNA SYSTEM, in which ground currents are 
substantially eliminated. The radio apparatus is connected 
between а grounded antenna system and circuits are provided 
there-between to balance out resultant current to ground. 


1,522,807—L. Cohen, filed January 15, 1922, issued January 13, 
1925. 


NUMBER 1,522,507 — Electrical Signaling 


ELECTRICAL SIGNALING receiving apparatus for reducing the 
interference arising from static disturbances. А wave-coil is 
employed in the receiving system. A portion of the wave-coil 
is enclosed in an adjustable metal tube which is electrically con- 
nected to a point on the wave-coil and grounded thru tuned 
circuit. The receiving apparatus is also connected in a circuit 
which is adjustably connected with the wave-coil. Points along 
the wave-coil are selected for a condition of maximum reception. 


1,522,882—J. H. Hammond, Jr., filed March 16, 1912, issued 
January 13, 1925. 


METHOD OF AND SYSTEM FOR SELECTIVE ENERGY TRANS- 
MISSION and reception, wherein the receiving station has a pair 
of local antenna circuits responsive respectively to high frequency 
undamped radiant impulses of different periodicities. А circuit 
is connected between the antenna circuits and is tuned to the 
difference between the periodicities of the received impulses for 
selectively observing the signals. 
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1,522,883—J. H. Hammond, Jr., filed June 16, 1917, issued Jan- 
uary 13, 1925. 

POLYPULSE SYSTEM OF CONTROL of the movements of a body 
in which а gyroscope is arranged to stabilize the body. Тһе 
gyroscope is controlled by devices which respond to different 
frequencies radiated from a distant station whereby the direction 
of movement of the body may be governed. 


1,523,011—W. E. Garity, filed September 23, 1920, issued Jan- 
uary 13, 1925. Assigned to De Forest Radio Telephone and 
Telegraph Company, New York, a corporation of Delaware. 


NUMBER 1,523,011—Continuous Wave 
Transmitting System 


CONTINUOUS WAVE TRANSMITTING SYSTEM, wherein parasitic 
currents or harmonics of the fundamental frequency are sup- 
pressed. The transmitting system includes an electron tube 
operating circuit, wherein a plurality of rejector circuits are 
provided and each tuned to a frequency to be suppressed. 
The rejector circuits are connected in circuit with the grid and 
plate electrodes of the oscillator. 


1,523,051—G. W. Carpenter and W. L. Carlson, filed June 18, 
1924, issued January 13, 1925. 

TELEPHONE HEADSET for use with sensitive multistage clec- 
tron tube amplifiers, wherein the conductors leading to the tele- 
phone headset are shielded by a tubular webbing of a metallic 
tinsel and textile threads. The forming of the shield with textile 
threads and metallic tinsel provides an extremely flexible con- 
ductive covering for the telephone cords and permits the head- 
set to be conveniently used in connection with the amplifier. 
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NUMBER 1,523,051— Telephone Headset 


1,523,111—H. J. Fisher, filed December 5, 1923, issued January 
13, 1925. Assigned to Western Electric Company, Incor- 
porated, New York. 


NUMBER 1,523,111—Signaling System 


SIGNALING SYSTEM for radio telegraph operation, wherein 
a carrier wave is modulated by two different frequencies and the 
modulated and unmodulated components are transmitted to a 
distant station at which the corresponding components are com- 
bined to provide currents of the modulating frequencies which 
are selected, detected, and used to energize separate windings 
of a polarizing relay. Тһе relay is employed to operate a suitable 
apparatus for observing the signals. 
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1,523,149—E. B. Wheeler, filed November 15, 1923, issued Jan- 
uary 15, 1925. Assigned to Western Electric Company, а 
corporation of New York. 


NuMBER 1,523,149— Means for Control of Electric Impulses 


MEANS FOR CONTROL оғ ELECTRIC IMPULSES in accordance 
with the swinging of à pendulum. "The system comprises a relay 
for closing an electric circuit which relay may be operated by 
energy from a thermionic amplifier arranged to be controlled by 
the action of a beam of light impressed upon a photoelectric 
cell connected in the input circuit of the amplifier. In order to 
cause the relay to produce a succession of electrical impulses 
which shall be of equal duration and separated by equal intervals, 
an oscillating pendulum provided with an opaque body is ar- 
ranged so that the opaque body intercepts the light beam im- 
pressed upon the photoelectric cell. This interception takes 
place preferably at the midpoint of the oscillation of the pendu- 
lum. It is thus evident that the light beam is twice intercepted 
for each oscillation of the pendulum. The relay is thereby 
caused to produce two pulses for each oscillation of the pendulum, 


1,523,193—A. Gudheim, filed November 21, 1921, issued Jan- 
uary 13, 1925. 


AUTOMATIC FILAMENT CONTROL FOR RADIO APPARATUS, 
where separate rheostats are connected in each of the filament 
circuits and provided with a cam for operating a jack which con- 
trols the circuits to the filaments of the several tubes and insures 
a connection between the telephones and the last active tube in 
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1,523,280—C. D. Palmer, filed January 29, 1921, issued January 
13, 1925. | 


RADIO ANTENNA FOR AIRCRAFT arranged to be used either 
as a loop antenna or as a trailing wire antenna as may be desired. 
А switch is provided convenient to the operator which тау be 
operated to connect а looped conductor on aircraft electrically 
as a closed circuit in the radio system or as a trailing wire bal- 
anced against the engine frame as & counterpoise for radio opera- 
tion from aircraft. 


1,523,377—J. B. Brady, filed August 14, 1923, issued January 13, 
1925. Assigned to Morkrum Company, Chicago, Illinois, а 
corporation of Maine. 


. 
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NUMBER 1,523,377 —Radio Telegraph System 


Rapio TELEGRAPH SYSTEM employing automatic printers for 
automatic transmission of telegraph signals from a central radio 
station to any number of outlying receiving stations. Means 
are provided for automatically starting and stopping automatic 
printers located at the outlying receiving stations by signals from 
the central station. In this manner news may be dispatched from 
a central radio transmitting station to the outlying printer re- 
ceiving stations by preceding the printer signals with a starting 
signal which automatically controls the motor circuit at selected 
receiving stations for automatically placing the apparatus in 
condition for the reception of selected printer signals. 


1,523,399—V. L. Chamberlin, filed February 1, 1924, issued 


January 20, 1925. 
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DETECTOR Кор Support, in which the selecting wire 15 car- 
ried upon a standard having universal movement for rcaching any 
part of the crystal. Тһе standard consists of two ball members 
spaced by a tubular member with the ball members connected 
together under tension by a coil spring. The selecting wire may 
be moved to a point on the crystal for obtaining maximum sen- 
sitivity. 


1,523,400—V. L. Chamberlin, filed February 1, 1924, issued 
January 20, 1925. 


CRysTAL Ногрек for a detector which consists of a U-shaped 
member formed of spring metal and having inturned upper ends. 
A crystal support is provided within the U-shaped member and 
may be vertically adjustable therein for properly securing the 
crystal within the U-shaped member. 


1,523,401—V. L. Chamberlin, filed February 1, 1924, issued 
January 20, 19235. 

DETECTOR Tip for а crystal detector which consists of a 
cylindrical cap with a fine detector wire extending from the closed 
end thereof. A conical coiled spring extends from the end of the 
cap about the detector wire and fits close about the detector wire 
for supporting said wire intermediate its ends. 


1,523,480—W. А. Knoop, filed November 20, 1923, issued Jan- 
uary 20, 1925. Assigned to Western Electric Company, 
Incorporated, New York. 

MOUNTING FOR Хасссм TuBss for eliminating noises in am- 
plifieation systems due to shock vibration of the tube elements. 
The tube is provided with such a resilient support that vibrations 
may be damped. The tube base has a body attached thereto 
which projects into a pot containing a damping fluid. The body 
is Immersed in the fluid and tends to prevent movement of the 
tube under mechanical vibration for suppressing noises 1n ampli- 
fication circuits in which the tube may be connected. 


1,523,536—A. E. Greene, filed September 4, 1923, issued January 
20, 1925. 

ELECTRICAL CONDENSER of the variable plate variety in which 
the stationary plates are held in spaced relationship by means of 
a shearing pressure on the edge portions of the plates. А pair 
of supporting members is provided, forming the condenser frame 


268 


and slotted tubular members are positioned between the sup- 
porting members. Slotted members are located within the said 
slotted tubular members and arranged to exert а shearing pres- 
sure on the edge portions of the stator plates for maintaining the 
stator plates in spaced relationship. 


1,523,777—A. W. Hull, filed May 21, 1920, issued January 20, 
1925. Assigned to General Electric Company, New York. 


NuMBER 1,523,777—Electron Discharge 
Device 


ELECTRON DiscHARGE Device, wherein an electron current 
is subjected to the conjoint action of a variable magnetic field. 
The usual tube construction is shown, including a filament, grid 
and plate. <A grid circuit is provided for controlling an electron 
stream and in addition to this a winding for the development of 
a magnetic field is provided and arranged in the control circuit 
for affecting both electrostatic and electromagnetic control of the 
electron stream. 


1,523,778—A. W. Hull, filed November 15, 1921, issued January 
20, 1925. Assigned to General Electric Company, New York. 


ELECTRON DEVICE AND METHOD OF OPERATING tubes of the 
magnetron class. The magnetron of this invention utilizes an 
axial magneto-strictive effect. A cathode is provided having a 
current-carrying capacity sufficiently high to conduct currents 
capable of producing a magnetic field, whereby electron current 
may be varied or even entirely interrupted. The cathode is sur- 
rounded by a cylindrical plate which may be connected in any 
desired utilization circuit. 


1,523,893—R. C. Pitard, filed Decemtber 15, 1923, issued Jan- 
uary 20, 1925. 
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Grip CONDENSER formed by an electrical conductor adapted 
to embrace a portion of the tube with a dielectric material inter- 
posed between the conductor and the tube. Тһе metal collar of the 
electron tube is made use of as one of the plates of the grid con- 
denser. Тһе other plate consists of а ribbon of metal secured 
around the base of the tube but separated therefrom by a dielec- 
ігіс sheet. 


1,523,957 —R. E. Hall, filed August 13, 1919, issued January 20, 
1925. Assigned to Hall Research Corporation of Delaware. 


TELEPHONE CALL AND METHOD THEREFOR, for summoning 
an operator to a receiving station by means of a signal from the 
transmitting station. A special form of gaseous jet relay is pro- 
vided for closing a call circuit. The relay is actuated by the 
transmission of a particular note from the transmitting station, 
resulting in the tripping of the relay at the receiving station and 
the closing of a call circuit. 


1,524,413. M. W. Sterns, filed January 28, 1920, issued January 
27, 1925. 


NUMBER 1,524,413— Radio Telephone System 


Rapio TELEPHONE SYSTEM, in which the same tube circuit 
functions as a transmitter and receiver. The circuit is arranged 
for simultaneous transmitting and receiving. А grounded aerial 
circuit is provided with a tuning inductance connected thereto 
and a divided secondary circuit across one portion of which the 
input circuit of the tube is connected and across the other por- 
tion of which the output circuit is connected. А telephone modu- 
lator is inductively connected to the grid and filament. circuits 
of the tube while the receiving device is connected in the output 
circuit of the tube. 
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1,524,645— M. Latour, filed August 19, 1921, issued January 27, 
1925. 


RECEIVING APPARATUS FOR ELIMINATING STATIC, іп which a 
pair of loop antennas are provided with a detector connected 
with each antenna and having a portion of their output circuits 
each common to a source of direct current. A resistance is pro- 
vided in the output circuit of each detector and connections from 
the indicating apparatus to a point in each resistance are pro- 
vided, enabling the circuits to be adjusted for the reception of 
signals substantially free of disturbances from static. 


1,524,646—M. Latour, filed December 5, 1923, issued January 
27, 1925. 


CONNECTION OF RADIO FREQUENCY ALTERNATORS FOR RADIO 
SIGNALING, in which the driving motors for the alternators are 
coupled together with circuits for maintaining the machines in 
step. А pair of alternators is shown adapted to be operated in 
parallel with a pair of motors connected in parallel for driving 
the alternators. The currents in the driving motor circuits are 
balanced and a supplemental circuit is provided for compensating 
for changes in load of the alternators for maintaining the alter- 
nators in step. 


1,525,049—S. Ruben, filed June 28, 1923, issued February 3, 
1925. 

ELECTRON DISCHARGE TUBE construction including an evacu- 
ated vessel with an electron emission element therein and a co- 
operating anode. An element composed of an insulating material 
is interposed between the electron element and the plate. А pair 
of electrically conductive plates are arranged in a plane approxi-. 
mately parallel to the anode. The electron emission element is 
disposed in conductive relation to the conductive plates. By 
this arrangement of elements the electron stream is deflected from 
its normal direct path and is forced to traverse an electrostatic 
field in a direction approximately 45 degrees to that of the field 
in the space between the pair of conductive plates. 


1,525,110—F. K. Vreeland, filed August 6, 1919, issued February 
3, 1925. 

AUDIO FREQUENCY SELECTIVE SIGNALING SYSTEM, wherein 
the circuit connected with the detector system includes a baffle 
circult and an intensity selective or other energy dissipating 
means which operates directly on the audio frequency currents 
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to exclude those currents not desired from the observing circuit. 
The patent sets forth the differences in characteristic between 
the stray impulses which are very abrupt and transitory and 
signaling impulses which are sustained. Тһе strays when they 
constitute serious interference have an intensity or amplitude 
which is greater than that of the signaling impulses. The baffle 
circuit in the audio frequency amplifier separates the signal cur- 
rents from the strays and also dissipates the strays of greater 
intensity than the signals, permitting the signals to be received 
substantially clear of static disturbances. 


NUMBER 1,525,110—Audio Frequency Selective Signaling System 


1,525,159—H. M. Wohltman and M. Hirschfeld, filed April 24, 
1922, issued February 3, 1925. 


CRYSTAL DETECTOR, designed to have all parts easily acces- 
sible and replaceable and in which the entire surface of the crystal 
may be utilized and delicate adjustment made there-against. 
A glass tube is provided having a large bore in one portion thereof 
in which the crystal is arranged to be inserted and a smaller bore 
in the other portion thereof thru which the contacting wire may 
be inserted to impress a point on the crystal. The crystal may 
be readily changed in position to enable the contacting wire to 
reach all points thereof. 


1,525,177—R. B. Goldschmidt and К. Braillard, filed May 24, 
1920, issued February 3, 1925. 

Direct READING RADIOTELEGRAPHIC COMPASS, Іп which a 
loop collector is rotated about a vertical axis in order to receive 
maxima and minima of signal intensity. The loop frame carries 
a cylindrical drum on which is mounted a chart against which 
an inscribed pencil may be moved automatically to inscribe a 
curve characteristic of the received signals. In this manner the 
characteristics are made both visible and audible. 


272 


NUMBER 1,525,177— Direct Reading Radiotele 
graphic Compass 


1,525,182—H. C. Hayes, filed July 7, 1923, issued February 3, 
1925. 

SOUND TRANSMITTER AND RECEIVER, in which a pair of an- 
nular magnets are positioned adjacent each other with a set of an- 
nular pole pieces on each of the magnets. The diaphragm con- 
sists of a magnetic annular ring which is acted upon by the annu- 
lar pole pieces. The structure is designed to eliminate distortion 
in loud speaker reproducers. 


1,525,308—A. J. Kloneck, filed November 28, 1916, issued Feb- 
ruary 10, 1925. 

SIMULTANEOUS SIGNALING AND RECEIVING SYSTEM, in which 
a ground to antenna circuit is provided for transmitting while an 
antenna to antenna circuit is provided for receiving the antennas 
being common for both circuits. А circuit arrangement is pro- 
vided between a pair of antennas for receiving signals while elim- 
inating local disturbances from the local transmitter which may 
be simultaneously operating on an antenna to ground circuit. 


1,525,302—R. Knopp, filed June 19, 1922, issued February 3, 
1925. Assigned to Frank J. Quigan, Incorporated, Brooklyn, 
a firm of New York. 

ELECTRIC CONDENSER of variable adjustment in which a 
movable plate may be shifted axially of a central shaft with re- 
spect to а stationary plate for varying the capacity there- 
between. Cams are provided which are rotatable face to face 
for securing fine adjustment of capacity. 
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1,525,350—H. Zuckerman, filed December 4, 1920, issued Feb- 
uary 3, 1925. 


VACUUM SPARK САР, wherein the gap is located within an ex- 
hausted tube, each gap being provided with heat radiating flanges 
with an insulating rod extending between the gaps for maintain- 
ing the faces in spaced relation. Тһе electrodes are supported 
by U-shaped members extending from the base of the receptable. 


1,525,431— T. H. Phillips, Jr., filed October 17, 1917, issued Feb- 
ruary 3, 1925. Assigned to Elmer A. Sperry, of Brooklyn, 
New York. 


REMOTELY CONTROLLED SELECTIVE SYsTEM for radio con- 
trol of circuits from a distance. The patent describes а mechani- 
cal arrangement of switches which may be operated by distinct 
signals from a transmitting station to close selected circuits at a 
receiving station. 


1,525,526—J. Weinberger, filed March 3, 1921, issued February 
10, 1925. Assigned to Radio Corporation of America, a cor- 
poration of Delaware. 
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NUMBER 1,525,526— Radio Receiving System 


Rapio RECEIVING SYSTEM, in which relatively strong inter- 
ference may be overcome while permitting the reception of de- 
sired signals. Two intermediate circuits are coupled to the re- 
ceiving circuit for eliminating interfering currents from the an- 
tenna. One of the intermediate circuits has a relatively high 
ratio of signal current to interfering current. The other inter- 
mediate circuit is tuned to the interference and has a relatively 
high ratio of interfering current to signal current. The inter- 
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mediate circuits are arranged to oppose the intermediate cur- 
rents while retaining the signal currents. 


1,525,778—C. A. Hellmann, filed April 17, 1922, issued February 
10, 1925. 

VARIABLE CONDENSER Of the rotary plate variety, wherein 
the two sets of elements are of unequal angular extent. Either 
the rotary or the stationary plates may be greater than 180 
degrees in angular extent, while the other set of plates is less than 
180 degrees. The object of the invention is to provide a variable 
condenser in which variation of capacity may be had over an angle 
of rotation exceeding 180 degrees and approaching as near to 
360 degrees as may be desired in any particular case. The speci- 
fication describes a great many modifications of the invention. 


1,525,827—D. C. Prince, filed December 14, 1923, issued Feb- 
ruary 10, 1925. Assigned to General Electric Company, 
New York. 


NUMBER 1,525,827—Production of Alter- 
nating Currents 


PRODUCTION OF ALTERNATING CURRENTS by а pair of electron 
tubes operating in a push-pull circuit 180 degrees out of phase. 
A pair of three-electrode electron tubes are provided with an 
inductive winding having its terminals connected to the anodes 
of each of the tubes and an intermediate point connected to a 
source of direct current thru an inductance. A second inductive 
winding is provided which is inductively related to the first 
winding and has its terminals connected to the control electrodes 
of the tubes. An intermediate point of this last-mentioned in- 
ductive winding is connected to the cathodes thru a second 
inductance. The inductances are coupled to each other for the 
production of alternating currents by the tube system. 
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1,525,844—W. C. White, filed July 3, 1920, issued February 10, 
1925. Assigned to General Electric Company, New York. 
Хасссм TUBE APPARATUS, in which an electron current 
between two electrodes of an electron tube is controlled by means 
of a magnetic field. A stream of electrons is produced between 
a cathode and plate electrode of an electron discharge device. 
The velocity of this stream is caused to be greatly decreased as 
the electrons approach the plate electrode. By producing a 
magnetic field in the region adjacent to the plate electrode which 
acts upon these slowly moving electrons, it is possible by means 
of a comparatively weak magnetic field to produce a substantial 
variation in the electron current received by the plate electrode. 


1,525,941—C. V. Logwood, filed April 21, 1920, issued February 
10, 1925. Assigned to De Forest Radio Telephone and Tele- 
graph Company, New York, a corporation of Delaware. 


Rapiro SIGNALING SysTEM, in which a source of high fre- 
quency oscillations is modulated in accordance with the signals 
to be sent in such manner that the modulating signal current 
increases the power transmitted rather than decreases the same. 
А pair of electron tubes are provided for supplying oscillating 
currents to the antenna. Тһе grid electrodes are charged with 
opposite potentials and condensers are provided for building up 
and storing energy which may be supplied to the antenna addi- 
tively to the normal supply of energy thereto, whereby the 
modulating signal current increases the power supply. 


1,526,311—M. C. Batsel, filed January 25, 1921, issued Feb- 
ruary 17, 1925. 

Клио TRANSMISSION SYSTEM, In which a coupling system 
is provided between the oscillator and the radiating circuit which 
will keep the current in the amplifier system within safe values 
when the radiating system is untuned to the frequency of the 
oscillating circuit, but which will have the correct impedance 
when the two systems are tuned to the same frequency for the 
desired output. | 


1,526,408—F. W. Young. filed August 24, 1921, issued February 

17, 1925. Assigned to Western Electric Company, Incor- 
porated, a corporation of New York. 

CARRIER Wave RECEIVING SYSTEM, In which de-modulators 

of different kinds may be used without substantial change in the 

receiving circuit. The invention is directed to a circuit arrange- 
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ment in which either a crystal detector or a tube detectorgmay 
be used at will without substantial change in the receiving circuit. 
The tube socket is so arranged that it may receive a crystal de- 
tector support and switches are provided for adapting the circuit 
to a crystal rectifier instead of a tube rectifier. 


1,526,626—C. E. Brigham, filed March 13, 1924, allowed Feb- 
ruary 17, 1925. Assigned to C. Brandes, Incorporated, of 
New York City. 


NUMBER 1,526,626—Electro- 
magnetic Sound Reproducer 


ELECTROMAGNETIC SOUND REPRODUCER for radio reception, 
in which a diaphragm is resiliently supported at its periphery 
for operation by an electromagnetic operating mechanism. The 
diaphragm is supported by a pair of relatively thin rings, one 
positioned on one side of the diaphragm and the other positioned 
on the opposite side of the diaphragm. The rings are composed 
of layers of dissimilar material formed integral with each other 
and remain in permanent adjustment with respect to the electro- 
magnetic sound reproducer. This patent covers the Brandes 
Table Talker. 


1,526,664—W. Dubilier, filed October 6, 1923, issued February 
.17, 1925. Assigned to Dubilier Condenser and Radio Cor- 
poration, New York, a corporation of Delaware. 


ELECTRICAL CONDENSER Of fixed capacity, in which the 
plates are clamped by the metallic sheet which wraps about the 
stack and forms one of the armatures of the condenser. The 
clamp serves as both a compression element and as a conducting 
plate. 
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1,526.852—J. H. Hammond, Jr., filed August 20, 1917, issued 
fei, February 17, 1925. 
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NUMBER 1,526,852— Means for and Method of Limiting Interference 
in Radio Signaling 


MEANS FOR AND METHOD OF LIMITING INTERFERENCE IN 
Каро SIGNALING, by providing circuits for limiting the effect 
of high potentials on the detector. Тһе receiving system in- 
cludes an oscillatory circuit and а primary and secondary de- 
tector, both controlled by the oscillatory circuit. А pair of cir- 
cuits are controlled by the detectors which operate upon another 
detector, in the output circuit of which the observing instrument 
is connected. Тһе detectors are arranged to be responsive in 
different degrees to impulses having a given intensity. 


1,527,228—J. C. Schelleng, filed December 29, 1923, issued 
February 24, 1915. Assigned to Western Electric Company, 
Incorporated, New York. 


METHOD OF HARMONIC ок SUB-HARMONIC FREQUENCY Pno- 
DUCTION by a circuit arrangement utilizing an oscillator for pro- 
ducing a complex wave the fundamental frequency of which is nor- 
mally approximately that of the desired sub-harmonic frequency 
and having a harmonic approximately equal to the reference fre- 
quency. The current of the reference frequency is caused to 
coact with the current of the harmonic frequency in the oscilla- 
tion circuit of the oscillator. The effect of such coaction on the 
oscillator is to pull it into step with the frequency of the impressed 
current, that is, to cause the reference and harmonic frequencies 
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to become identical. The fundamental frequency is thus cor- 
respondingly automaticaly adjusted to exact sub-harmonic 
relationship with the reference frequency. Тһе production of the 
unmodulated carrier may be accomplished by means of the pres- 
ent invention by combining the received side bands, selecting 
the resulting component of double carrier frequency and causing 
it to operate upon a local oscillator in the manner described 
above to produce the first even sub-harmonic, that is, the desired 
carrier frequency. 


1,527,578—D. H. Sheriff, Jr., filed March 5, 1923, issued Feb- 
ruary 24, 1925. 

VARIABLE CONDENSER, designed for the securing of fine or 
critical adjustment after the usual rotative adjustment has been 
made. Тһе plates are formed so that one set may be rotated 
with respect to the other set and then one set may be moved out 
of and into parallelism with the other set of plates to effect fine 
adjustment of capacity. 


1,527,703—D. C. Prince, filed April 8, 1922, issued February 24, 
1925. Assigned to General Electric Company, New York. 


Момвен 1,527,703—Electron 
Discharge Apparatus 


ELECTRON DISCHARGE APPARATUS, іп which losses incident 
to the operation of electron tube discharge devices are eliminated. 
Losses which occur by reason of secondary emission are pre- 
vented by interposing à supplemental grid between the control 
electrode and the plate. If, when current is flowing to the plate, 
this extra grid is made slightly negative with respect to the plate 
no secondary electrons can escape from the plate and the con- 
trol grid may be made positive enough greatly to reduce the space 
charge losses without introducing compensating grid losses. 


1,527,896—S. L. Miller, filed June 7, 1922, issued February 24, 
1925. 


Rapiro CABINET, designed to facilitate the quick and easy 
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positioning therein of the radio apparatus. Тһе front side of the 
cabinet is open. А panel is provided having a sub-base at its 
lower portions slidable in the base of the cabinet. Тһе cabinet 
is provided with a plurality of openings in its rear side through 
which binding posts carried by the slidable sub-base may be pro- 
jected for completing connections with the apparatus from the 
exterior of the cabinet. 


Design 66,668—Stephen Bourne, filed November 26, 1924, 
allowed February 24, 1925. Assigned to C. Brandes, Incor- 
porated, of New York City. 


NUMBER 66,668— 

Design for a Loud 

Speaker for Radio 
Reproduction 


DESIGN FOR A LOUD SPEAKER FOR КғАЮО REPRODUCTION, in 
which the sound is directed upwardly in a vase-like amplifying 
horn and outwardly to the listener-in. 
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INTERNATIONAL UNION FOR SCIENTIFIC RADIO TELEGRAPHY 
U.R.S. I. 


LONG DISTANCE RADIO RECEIVING MEASUREMENTS 
IN 1924* 


By 
L. W. AUSTIN 


(LABORATORY FOR SPECIAL RaDIO TRANSMISSION RESEARCH, WASHINGTON 
D. C.) 


(Conducted jointly by the Bureau of Standards and the American Section 
of the International Union for Scientific Radio Telegraphy.) 

Two stations, Monte Grande (LPZ), Argentina, and Сауеу 
(NAU), Porto Rico, have been added during the year to the 
number of those regularly measured in Washington. Monte 
Grande is interesting; first, because it is 2,000 km. farther away 
than the European stations, and second, because the waves 
travel in a south-north direction from the southern to the north- 
ern hemisphere; thus encountering entirely different seasonal 
conditions from those encountered in the transmission from 
Europe to America. "The station gives nearly the same morning 
intensity as Nauen, Germany, and the ratio of average observed 
to calculated values is about three to one. Unfortunately, Monte 
Grande does not send in the afternoon. 

Cayey has been observed partly because its frequency, ap- 
proximately 33.8 kc. (8,870 m.), is considerably higher than the 
other stations and partly on account of its nearly south-north 
direction of transmission, which at certain seasons lies nearly 
parallel to the sunset shadow wall. It was thought that this 
might cause eccentricities in reception at about sunset, but no 
peculiarities have been observed on the rather limited number 
of occasions when transmission took place at that time. 

The mean monthly values of the field intensities of the sig- 
nals from the various stations, and of the corresponding atmos- 
pheric disturbances, are shown in the tables and curves. 

Table I gives the approximate data concerning the trans- 
mitting stations, as far as known. 


"Received by the Editor, February 20, 1925. Published by permission 
of the Director of the Bureau of Standards of the United States Department 


of Commerce. 
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TABLE I 


APPROXIMATE TRANSMISSION DaTA 


Wave | Antenna! Effectivel,,. 
Length Current Height Distance 
h 


Nauen POZ! 
Bolinas KET 
Cayey NAU 

Monte Grande LPZ 
Lafayette LY 


Ste. Assise UE 


558688585 
w O O00] o000 0 


Cavite NPO 


Tables II and III give the monthly averages of the received 
field intensities and of the corresponding atmospheric disturb- 
ances іп microvolts per meter. 16 is to be remembered that the 
signals received in Washington at 10 A. M. from Europe have an 
all-daylight path, tho during the short days of winter they are 
probably disturbed by being transmitted too close to the Euro- 
pean sunset time. The3 P. M. signals are sent during the evening 
hours and during the winter considerable parts of their paths 
lie in darkness. 


TABLE II 
AVERAGE SIGNAL AND ATMOSPHERIC DISTURBANCE INTENSITIES IN 1924 FOR 


LAFAYETTE (LY), STE. AssisE (UFU), Амр EL Carey (NAU) ім MicnRovorTS 
PER METER 


A. M. ` P. M. 
Dist. | NAU | Dist. Dist. 


> 
Б 


1924 


dd: 


е осоо Оссо оем: -- 
RN. + 


ы 
Hroscomes |: 


September.... 
October....... 
November... 

December... .. 


294.0. 5 


S535 
чзосоью 


Ахегаде...... 


© 
s 
а 


Figure 1 shows the monthly averages of the 10 А. M. signals 
from Bordeaux for the years 1922, 1923, and 1924. Figure 2 
gives similar 10 A. M. eurves for Nauen. Figure 3 shows the 


! During the year Nauen has used at times an antenna with h 2175 m, 
and a current varying between 300 and 480 amperes for its 23.4 kc. frequency 
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TABLE III 


AVERAGE SIGNAL AND ATMOSPHERIC DISTURBANCE INTENSITIES IN 1924 FOR 
STE. AssisE (ШЕТ), Воглхав (КЕТ), Naven (РОЛ), anb MONTE GRANDE 
(LPZ) Іх Microvo._ts PER METER 


A. M. X^ 
UFT | KET | POZ ; LPZ | Dist. 


1924 


January 
February 


August. гга е 
September.... 
October....... 
November. ... 
Deceniber.....| < 


ooococcooco- 


. 
= 
— 


ce 


ж 
e 


morning signals for Cayey and Monte Grande. Figure 4 shows 
the variations in the monthly disturbance averages at 3. P. M. 
for three frequencies. Тһе marked difference between the dis- 
turbances at 24.0 kc. and 33.3 ke. is noticeable. In Figure 5 the 
3 P. M. disturbances for a frequency of 24.0 Ке. (12,500 m.), аге 
plotted for the years 1922, 1923, and 1924. Figure 6 gives similar 
curves for a frequency of 15.0 ke. (20,000 m.), for the same years 


ПЕШЕНЕ ЖЕ THHTH HIBHIHHHHHERHHIH 
НЕНЕН ННН 


п 
„ү 552252504 ss 


BH 
КЕЧИ 
porci uiuis 
2" 15555955000 Ч 227 200 -% өт өнесевтевзее НЕР НЕН 

4 EUN DE ецицинцинц анаң 
ЕН 


ELL "Uo 
lll 123 
. әептпень өспесе 4068 
seu» 089605000020 

ешт, лвввв..иы.. 
CELTI] 
LERTELELI 
3355335 
2242 
ә 


та? 22099 
а” .acnaec 


eg ESSE SS 
3254 22 


a 

е 
sar 
- € 
=>» 
ee 
LE] 
os 
е 
ә 
в 
LJ 
* 
Li 
. 
. 


"848 
te ttt rd tir ttt 4% ss 


MICROVOLTS PER METER 


HH 
312: 


H 
H 


HEHET 
HEH НЕННЕ tH 


MONTHS 
FictreE 1— Lafayette (LY) Average Signal 10 А.М. 1922-1923-1924 


255 


Digitized by Google 


These curves for 1922, 1923, апа 1924, are given merely as 
information. It is too early to attempt to draw any definite 
conclusions from their variations. 
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Field intensity measurements were made during August and 
September at San Diego, California, on the high-power arc sta- 
tions, Cavite, Philippine Islands, and Malabar, Java. Тһе dis- 
tance from Cavite to San Diego is approximately 11,800 km. 
(6,400 nautical miles), with a difference in time of eight hours, 
while the distance from Malabar is 14,700 km. (8,000 miles), with 
a difference in time of nine hours. This is about the greatest dis- 
tance which can be attained for all daylight and approximately 
all water communication with the present high-power stations of 
the world. Even in this case there are only about two hours dur- 
ing the day available for observation without too close approach 
to sunset or sunrise at one station or the other. Тһе observa- 
tions were taken with the telephone comparator and the appara- 
tus calibrated with a radio-frequency generator and attenuation 
box as in the Western Electric method of measuring signals. 
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Тһе final results were as follows: 


Cavite 


Observed ауегарев................. 2.04 v. 


Malabar 


m.4 .02 uv. /m. 


Calculated (Austin-Cohen formula). . 0.69 1.83 
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Бісснв 3— 1924 Signal Averages of El Cayey (NAU) and Monte 
Grande (LPZ) 


During the year experiments have been carried on to deter- 
mine the effect of heavy atmospherie disturbances on the ob- 
served values of the strength of signals by making measurements 
on the telephone comparator, first with an artificial antenna and 
then with an elevated antenna on which the disturbances were 
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coming in. It was found: (1) That if the disturbances were 
separated by intervals of comparative silence, the readings were 
independent of the intensity of the disturbances provided the 
telephones were removed from the ears sufficiently to prevent 
the deafening effect of the erashes. (2) If the disturbances were 


se 
ana 
ese 
se 
e 
ee 
eas 
see 
а... 
эте, 
ғұ 
QM 
= 
LL 
" 


on 
HH 


[Tj 
тая 


MICROVOLTS PER METER 


= 222252 
—Á 
шатын. 
4.8 “=ч - 
ee See. 


sses 
| 


E ЖЕҢІН: 2221 p ИШ 
33333 : БИН 
pu D ur gi ea ss 


а 
sa essa 

оова “евввиввевеввевеввее 
ва... ‘een 


ӨНЕ 


ө 
е 2 . 
” 25550 ese 
eae 2086 595598 
4 


% 4 
^ 1:14 
HILIII 


mu 


pus ny 


& 
е апе 


111112 
ese 


qu Я Ч HEU У 
EC iu dali meds 
TE M — M j J A S о SR D 
MONTHS 
1924 


FIGURE 4—1924 Average Atmospheric Disturbances 3 P.M. for 15 kc. 
(20,000 m), 24 kc. (12,500 m), and 33.3 kc. (9,000 m) 


practically continuous but less than about seven times the 
strength of the signal, the observations were unaffected. (3) 
With the continuous disturbances between seven and sixteen 
times the strength of the signal the observed values are too low. 
(4) When the disturbances are more than sixteen times the signal 
strength, the signal is not heard. These experiments have made 
it possible to make estimates of the signal strength of the weaker 
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аа 


stations on the summer afternoons instead of arbitrarily throwing 
them out, or considering them inaudible. This is a matter of 
some importance for the determination of the summer afternoon 
fading. Тһе application of these corrections to the afternoon 
observations of 1922 and 1923, practically doubles the average 


values of the summer afternoon readings of the weaker stations, 
like Nauen. 
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FIGURE 9— Average Atmospheric Disturbances 3 P.M. for 1922-1923-1924 
f = 24 kc. (12,500 m) 


Some work has been done during the year on the weakening 
of the European stations at about the time of the European sun- 
set. This plays a part in the production of the weak signals 
observed at 10 A. M., in November, December, and January, 
and in the afternoon fading observed on the 3 P. M. signals in 
summer. On account of the limited personnel of the laboratory, 
it has not been possible to complete this part of the work for 
presentation. 

The similarity in the monthly average intensity curves taken 
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at Meudon and in Washington on the U. R. S. I. signals sent 
out from Bordeaux (LY) at 3 P. M., Washington time, has con- 
tinued to be worthy of note. This similarity began to be ob- 
served at the time of Bordeaux's change in frequency from 
12.8 ke. (23,400 m.), to 15.9 ke. (18,900 m.), in May, 1923, as was 
mentioned in last year's report. Similar, nearly simultaneous 
readings have also been taken on Rocky Point, L. I. (WQL) at 
Meudon and Washington, but in this case no definite corres- 
pondence between the two reception curves has been found. 


Bureau of Standards, 
January, 1925. 


SUMMARY: The paper gives а resumé of the measurements of 1924. Ob- 
servations were taken twice a day on the following stations: Lafayette (Bor- 
deaux), Ste. Assise (Paris), Nauen (Berlin), Bolinas (California), Monte 
Grande (Argentina), and Cayey (Porto Rico). In addition, measurements 
were made in August and September at San Diego, California, on signals from 
Cavite, P. I., and Malabar, Java, respectively, 11,300 and 14,700 km. distant. 
The tables and curves show the monthly averages of signal and corresponding 
atmospheric disturbance strength for the various stations and also some com- 
parisons of these quantities for the years 1922, 1923, and 1924. 
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PRODUCTION OF SINGLE SIDEBAND FOR TRANS- 
ATLANTIC RADIO TELEPHON Y* 


Bv 
В.А. HEISING 


(WESTERN ELECTRIC COMPANY, NEW YORK) 


On January 5, 1923 the first public demonstration was made 
of the use of the single sideband eliminated carrier method of 
transmission applied to radio. The occasion of these tests was 
the transmitting to England of messages spoken by the officials 
of the American Telephone and Telegraph Company from their 
offices at 195 Broadway, New York. These tests, which were 
made possible by the co-operation between the engineers of the 
American Telephone and Telegraph Company and the Western 
Electrie Company and the engineers of the Radio Corporation 
of America, have been deseribed in а paper by Arnold and Espen- 
schied.! 

This single sideband eliminated carrier method of transmis- 
sion has been in use on wires for several vears. This method was 
invented by J. К. Carson. It is described in his patent? and is 
diseussed in a paper by Colpitts and Blackwell.? The electrical 
filter which plays an important part in the system here described 
was invented by G. A. Campbell. Hts advantages over the 
ordinary modulated carrier system of radio transmission are such 
as peculiarly to fit it for long wave radio telephone work. 


THE SINGLE SIDEBAND SYSTEM 

The general principles of the system, whether applied to wire 
or radio communication, are outlined їп the papers Just referred 
toand in one by Hartley, but as the application which I am about 
to describe is best understood by having a simple point of view, 
it is desirable to repeat а certain amount of what has been given 
in these papers. 

*Presented before THE Іхзтітсте OF Rabio ENGINEERS, New York, 
March 19, 1924 Received by the Editor, January 10, 1925 

1 “Journal of the American Institute of Electrical Engineers," June, 1923. 


? United States Patent Number 1,449,382, also 1,343,306 and 1,343,307. 
з “Journal of the American Institute of Electrical Engineers,” April, 1921. 
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To begin with, we must consider the nature of our signals to 
be transmitted. The sound waves in speech are exceedingly com- 
plex. It has been found, however, that with a continuous band 
of frequencies extending from 200 cycles to 2500 cycles intelligi- 
ble transmission of speech can be obtained. While entirely per- 
fect reproduction of speech would require an extension in the fre- 
quency band in each direction, the range given above is sufficient 
for reasonably satisfactory communication. In reducing the con- 
struction of speech to this sustained wave basis we can use а 
method of handling the analysis of our system which is relatively 
easy in the present state of the art. 

When several people speak simultaneously, frequencies occur- 
ring in their various voices all fall within the same range. Апу 
system of communication built to transmit several conversations 
over the same wire or thru the same medium must provide means 
for sending several of these groups of frequencies without their 
mutually interfering at the receiving end. That is, if the fre- 
quency range representing conversation А in Figure 1 is а group 
occurring in one conversation, we must make it possible to keep 
this group separate from other groups that fall in the same range. 
What we call the single-sideband system provides & method for 
doing this as follows: Suppose we take the group A and shift 
it abruptly to the position marked B which is, say 25,000 to 
30,000 cycles. А second conversation also falling in the region 
A is then shifted by another piece of apparatus up to the position 
C which runs from 20,000 to 25,000, and so on in like manner 
other conversations can be given positions E, D, and so on. Now 
with this shift in the frequencies to higher values, each conversa- 
tion occupies its own frequency region and it is possible by the 
use of filters to separate one group from another. That is, аба 
receiving end group B will be selected by a suitable filter which 
discriminates against E, C, and so on, and when this group is 
shifted back to its original position it is understandable to the 
recipient. Simultaneously C and Е selected by their respective 
stations are also moved back to the positions originally held at A 
and are also understood by their respective recipients. There is 
then no mutual interference between these various conversations. 


KILOCYCLES 
Figure 1—Shifted Speech Frequency Bands for Multiplex 
Communication 
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This system of communication has certain advantages over 


itself. It is one-half of the frequency band width which is taken 
up by the ordinary modulated carrier in radio, so that there is а 
doubling of the number of channels of conversation over what 
ordinary radio will allow. Another advantage is that there is no 
carrier transmitted. In the ordinary modulated wave at least 
two-thirds of the energy goes into the carrier which is not one of 
the intelligence-carrying frequencies. In this new system all of 
the energy goes into those frequencies which represent the speech 
frequencies and when converted back into speech frequencies at 
the receiving end provide those frequencies with the necessary 
energy. In view of the fact that the power used for trans-Atlantic 
communication runs up to the order of hundreds of kilowatts, it 
is highly desirable in the interest of economy that as little be put 
into the non-intelligence-carrying frequencies and as much be put 
in intelligence-carrying frequencies as is possible. 

A third advantage ік that with the narrowing of frequency 
range which occurs over what we get in ordinary modulated radio 
it is possible to work on sharper tuned antennas at long waves. 
This is of particular importance. 


METHOD OF PRODUCTION 


The sliding of a conversation band such as represented by 
frequency group A up to range B is accomplished by making use 
of well-known principles. When a sustained wave has its ampli- 
tude varied in accordance with an audio frequency signaling wave 
the resulting modulating wave represented by equation 

г= А sin wt(14- К cos pt) = д Me ee aA 


diem , Р 


may be looked upon as a group of frequencies of steady amplitude. `` 
The principal frequeney is the carrier frequency, Asin wt, and 
on either side of this carrier, groups of frequencies known as side- 
bands occur. A sideband group of frequencies consists of ап 
aggregation of frequencies having exactly the same frequency- 
amplitude distribution when measured from the carrier frequeney 
position as has the speech signal ХА cos Фе. That is, if conversa- 
tion A modulates a carrier C in Figure 2 there are produced above 
frequency “C” a group of frequencies called the upper sideband 


1 
Ax 


ф 
having frequencies (c+, and below frequency C another 


$ 
group called the lower sideband, having frequencies (c- = 
т, 
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These frequencies above and below the carrier occur simultane- 
ously with the frequencies in the speech group and have rela- 
tively the same amplitude and variation in amplitude with the 
frequency. We, therefore, usually say the frequencies produced 
when a radio frequency wave is modulated are the carrier fre- 
quency, the earrier plus the speech frequencies, and the carrier 
minus the speech frequencies. 

The ordinary process of modulating a carrier wave thus pro- 
duces a group of frequencies such as B (Figure 2) having exactly 
the same frequency-amplitude arrangement as the original 
speech frequencies, but they occur in a totally different part of the 
frequency range. This gives us the shift in the speech band 
which we desire. The undesirable things about it, however, are 
that they are located close by a carrier frequency and the fre- 
quencies of the other sideband. То get the desired band isolated, 
it is necessary to discriminate against or eliminate entirely the 
carrier and the undesired sideband. 


С 
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A SIDE - BAND SIDE - BAND 
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0 5 К; 15 20 25 50 
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Figure 2—Sidebands Produced When a Radio Frequency 
Carrier Wave is Modulated by speech 


The elementary svstem of a single sideband radio telephony 
is, therefore, to modulate a carrier with speech, put the modu- 
lated wave thru a filter which will eliminate the carrier and un- 
desired band and then amplify the desired band and put it into 
the antenna. Practically, it is not so simple. In its application 
to line wires the carrier is first eliminated by balanced tube cir- 
cuits. In the application of it to radio further complications be- 
come necessary. 

The difficulty is apparent when we consider that the upper 
and lower sidebands lie quite close together. If we wish to use а 
sideband near 50 000 or 60,000 cycles we would find a satisfac- 
tory filter prohibitively costly to build in the present state of the 
art. Also, if we rely on a single filter to accomplish our selection, 
either the filter must be adjustable or else transmission must be 
restricted to one frequency. It would be an obvious hardship 
in radio not to be able to change wave length to avoid interfer- 
` ence, and on the other hand adjustable filters are difficult and 
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costly to construct. We, therefore, resorted to the process of 

—double modulating? in addition to using a balanced modulator 
for carrier elimination in order to get around both the difficulties 
mentioned above. 


CARRIER ELIMINATION 


To eliminate the carrier we can use several circuit schemes. 
For instance, in Figure 3 is shown a bridge arrangement іп the 
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Figure 3—Modulator Tube with Bridge Circuit to Elim- 
inate the Carrier 


plate circuit of a modulator. Тһе bridge contains one arm tuned 
to the carrier, and is balanced for it. Тһе carrier will not be 
present in the output of this bridge network or on the grid of 
the amplifier. For the sideband frequencies, however, the bridge 
will be unbalanced and they will be impressed by means of the 
transformer, T, on the amplifier. Or we might use the circuit 
shown in Figure 4, where the output of the modulator tube M is 


OSCILLATOR 


FicurEeE 4—Modulator with a Circuit in Which the 
Carrier is Neutralized 


impressed on the circuit “Q.” A coil P connected to the oscillator 
couples with an inductance in circuit “Q” and introduces enough 
of the carrier in opposite phase to neutralize the carrier from the 
tuned circuit “О.” In the case of the side frequncies produced 


5 Espenschied, United States Patent Number 1,447,204. 
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боо мк to which the carrier must be eliminated is not so 
badhe undesired sideband. It gives trouble only in pro- 
coe da ite magnitude relation to the locally supplied. carrier 
Doh аан end. That is. the amplitude of any audio fre- 
а-а еі note it produces is 


А у С м k 


i 


hoe ( de the earrier amplitude received and S is the sideband 
перне reeenved, The locally supplied carrier С will produce 
(bud note of 
А'=бС SE 
бө the: always is much greater. The trouble comes only if 
Cawl C^ do not have identical frequeney values. If the ordinary 
ііі used in receiving, it is necessary to make C as small as 
posable so that € does not have to be exactly in synchronism. 
E we use я balanced detector the magnitude of C is of secondary 
unpeirtnnee as the етеп will automatically eliminate A but not 
| 
In keeping our carrier down to a minimum we make use of 
both the balanced modulator and of the filter. The balanced 
modulator reduces the carrier to a very considerable extent and 
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by placing the carrier about half way up the side of the filter 
attenuation curve, it is reduced a considerable amount more. 
The final value is then a fraction of a percent of the value it would 
have if not reduced at all. In order to eliminate the carrier suf- 
ficiently a proper proportion of the earrier and speech amplitude 
must be made. The magnitude of the sideband is proportional 
to the product of the carrier and signal amplitudes, while of 
course any unbalance and frequency seleetion in the carrier 
elimination circuit will give a carrier output proportional to the 
carrier input,so that we do not want to make the carrier too large, 
because any unbalance will allow a proportionately large amount 
to get thru. 


THE BALANCED MODULATOR 


A little further information on balanced modulators will 
probably not be out of place at this point. Suppose we take a 
circuit as represented in Figure 5 and add a transformer in the 
position D. We then have two places in which to impress vol- 
tages on the grids A and B and two places to take the power out 
of the circuit, C and D. | 

If there are impressed а carrier voltage E; and а speech vol- 
tage E; we write the equation of current as: 
1 = а, СЕ, cos wt+ Es sin Ф t) +a: (Е, cos wt+ E: singt)?+.... 
=a, E, cos wl-F a, Es sin wt+a Ej? cos? wt 
+a: Es? ѕіпф1+-2а Е, Es sin фі cos 01+ ...... 
=a, Е, cos ө4--а, Es sint 
pA рау сов2 01. 


кел азы cos 2 6t 


+a, E, Е, sin (w+) t 
(19 Е, Е, sin (w+ Ф) t+ $3 Че 8 


for tube number 1. If we had both the carrier and the speech fre- 
quencies impressed on transformer B, the current in tube number 
2 would be identical except that the signs of E; and E» would be 
reversed. The current taken out thru transformer C would be 
the difference of these two currents, while the current taken out 
thru transformer D would be the sum of the two. If, however, 
we both put the speech and carrier in at transformer А, the signs 
of E, and E; in the equations for the currents will be the same, 
and the sum and difference currents coming out thru trans- 
formers D and C will be quite different. There are thus totally 
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different. currents to be secured at these two outputs depending 
upon where the inputs occur. Also Е, апа E: may be put in at 
separate transformers А and B, respectively or vice versa, and in 
that case still different results occur. Тһе four combinations 
pessible are shown in table 4. 


TABLE А 


Speech, Car- | 
in rierin| Out at C Out at D 


| $, о. 26, 2w, о — 9 wt 


о. v 4-0. — 9 ' о, 2%, 20 


$. ө +Ф. w— $ | w, 26, Qa 


Ф, о | 26, 2w, (e — $), (о +Ф) 


All add harmonies of œw and Ф come out with these respective frequencies, 
And the even harmonics come out where 2 w and 2 Фф. respectively, are shown. 


If our only purpose is to eliminate the carrier во 2n we сап 
use either combination 3 or 4 from the table. We would take the 
sidebands out thru transformer D if using combination 4. How- 
ever, the second and even harmonics come out with the sidebands 
in combination 4 while only the speech frequencies «апа odd har- 
monies if present) come out with the sidebands in combination 3. 
As the transformer to handle the side frequencies will be inefficient 
for the speech frequencies, we can secure the sidebands free of 
other frequencies more easily with combination 3 than with any of 
the others. 


FILTERING 


The principal reason why we do not use the more simple 
process of producing the single sideband is that it is too expensive 
to build filters sufficiently sharp to separate one sideband from 
another at carrier frequencies up in the neighborhood of 60,000 
eveles. In order to get a single sideband at 60.000 we resort to 
the proeess of modulating twice. That is. we secure our single 
sideband at a lew enough frequency to separate it easily from 
the carrier and the other sideband and then by a second modula- 
tion process we move it to the desired point. This is represented 
іп Figure 6. The speech band represented by Д is used first to 
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modulate a carrier such as 33,700 cycles. There are then pro- 
duced an upper and a lower sideband at that frequency. It is 
omparatively easy to separate the bands at this frequency. In 
his particular case we pick out the lower sideband, that is, we 
use a filter which transmits the frequencies running from 30,500 
to 33,200. For this purpose the filter is built with a good steep 
slope on the upper side. The filter which we use has an attenua- 
tion characteristic as shown in Figure 7. Now we take this 
desired sideband located at B in Figure 6 and put it into a second 
modulator where we modulate a second frequency of about 
89,200 cycles. There will then be produced two new sidebands, 
one shown at D running from 56,000 to 58,700 and one shown 
at E running from 119,700 to 122,400. "The new D and Е side- 
bands are very far apart and also 30,000 cycles removed from 
the second carrier, and it becomes а very easy matter to build 
a filter which selects the desired band D and discriminates against 
the 89,200 cycle carrier and sideband E. This filter does not have 
to have anywhere near the steepness of attenuation slope that the 
first one does because of the relatively greater separation between 
the bands and the carrier K. 
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FiGvRE 7—Attenuation Curve of the First Filter 


By this double modulation process we also provide ourselves 
with a flexibility in frequency range which we could not attain 
by the simple scheme except at prohibitive expense. That is, if 
we build our second filter to transmit frequencies between 71,000 
and 41,000 cycles we can cause our desired band D to fall any- 
where within this range such as D' by merely moving the second 
carrier К to К’. If that carrier is removed downto74,000,the lower 
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sideband then falls between 41,000 and 44,000. If we move the 
carrier K up to 101,000, the sideband runs from 68,000 to 71,000. 
We thus secure а flexibility in frequency range for the placing 
of our sideband D with the use of fixed frequency band filters, 
which, for work such as we have been doing, is of vital impor- 
tance. 

The question may be asked why we picked the lower side- 
band at 33,700 and used it to modulate another frequency and 
then again picked the lower sideband. Тһе reasons for this 
are partly circuital and partly psychological. We could have 
picked the upper sideband at 33,700 and then modulated 
about 93,000 cycles and located a sideband in the same region 
where we have D as represented. In that case the sideband would 
be reversed. There is no electrical reason for desiring the band 
as we have used it, over reversing the band, as either will give 
just as good quality, but it seemed simpler to maintain the fre- 
quency arrangement in the same order in which it occurs in the 
voice. There is an objection to producing the sideband D by 
using one of the sidebands near 33,700 to modulate а second 
carrier of about 21,800 which would again place the sideband D 
in about the same position. Тһе objection here lies in the fact 
that there is some likelihood of harmonics, especially second har- 
monies, giving some trouble if the balance Js not perfect. It 
seemed desirable in a first experimental installation to keep all 
the frequencies and bands totally separate and not have them 
overlapping in such а way as possibly to give rise to any har- 
monic trouble. We, therefore, chose the lower sideband in both 
cases, which altho it means turning the frequency band over 
twice, yet finally places it in the desired position and gives us 
the flexibility which is of value. | 


REPLACING THE CARRIER 


At the receiving station it is necessary to replace the carrier 
It is not necessary to replace the auxiliary carriers used at the 
transmitting station: 33,700 and 89,200, but only the resulting 
or final carrier 55,500. It is interesting to note that this final 
carrier which is "eliminated" is not generated at the transmitting 
station at all. It is generated only if the first modulator is un- 
balaneed and some of the first carrier gets into the second modu- 
lator. In practice the carrier is considered eliminated if reduced 
in amplitude to a few percent of its original value. 

The accurate replacing of the carrier is sometimes of great 
importance. This is particularly true in receiving music, as other- 
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wise overtones would not be overtones at all. As far as receiving 
speech goes, if the carrier is placed too close to the sideband, the 
voice sounds low and gutteral, while if placed too far away, it 
appears very high pitched, but in either case the articulation is 
reduced from what is secured when the carrier is correctly placed. 
It is, therefore, necessary for satisfactory operation to place the 
carrier as near as possible to the theoretical point. 

- If our carrier is to remain within say 20 cycles of the theoreti- 
cal point, that means that both the suppressed carrier and the 
replaced carrier must-remain constant within 10 cycles. If our 
carrier has a value of say 55,500 cycles and we wish to keep the 
frequency within 10 cycles, that means that it has to stay within 
1/55 of a percent of the desired value at all times even tho tem- 
peratures in the room change or the voltage supply fluctuates 
slightly. To secure this constancy is a job all by itself. 
Ordinarily an oscillator changes its frequency when either 
the plate voltage or filament voltage changes, or when the 
temperature changes affect the constants in the circuit, and 
steps had to be taken to prevent these changes or minimize the 
effects. 


PRESENT SYSTEM 
The system which we have in use at Rocky Point is outlined 
schematically in Figure 8 and the circuit is given in Figure 9. 
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Figure 8—Schematic Arrangement of the Constituent Elements in the Single 
Sideband Apparauts 


The first carrier is 33,700 cycles. As previously stated, a relatively 

low frequency was chosen to give us good elimination of the un- 

desired sideband. The oscillator generating this frequency is 

usually referred to as the first oscillator. The first carrier is im- 

pressed upon the grids of the balanced modulator tube by means 

of two transformers. It is impressed on the two grids in the same 
302 


SPEECH 
INPUT 


odu- 
е In 
ver- 
cond 
1,200 
),500 
ls of 
'ssed 


Wise 
spec 
volc 
app 
redi 
It is 
CRIT 
] 
cal : 
гері; 
carr. 
freq 
] joe 
pera 
sligh 
Ordi 
the 
tem] 
steps 
effec 


PRES 
6! 


seher 


SPEECH 
(5) 


Кісен; 


Тһе fi 
low fi 
desire 
usuall 
presse 
of two 


phase (equivalent of position A, Figure 5) so that when we use 
the differential transformer in the plate circuit, the carrier is 
largely eliminated. Тһе speech comes in from the line or from 
an amplifier, and is impressed on the grids of the modulating tubes 
in opposition (position B in Figure 5). In the plate circuit of the 
modulator the differential transformer passes the sidebands and 
the speech. By using а transformer here which is inefficient for 
the speech frequencies but efficient for the sideband, the speech 
frequencies will be discriminated against. Тһе sidebands with 
a small amount of the signal frequencies then go into the first 
filler. The transmission characteristic of the first filter is shown 
in Figure 7. Its impedance characteristics are shown in Figure 
10. This filter, tho having the theoretical cut-off at 33,200 does 
not cut-off sharply. The attenuation begins to increase rapidly 
at that point, so that frequencies 500 or 600 cycles higher are not 
entirely eliminated but are reduced somewhat in amplitude. 
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Е160кЕ 10—Impedance Curves of the First Filter 


From the filter the single sideband passes to the second modu- 
lator. This second modulator is also of the balanced type in 
order to reduce the amplitude of the second carrier and not over- 
load the filter. Тһе second carrier is supplied from the second 
oscillator in Figures 8 and 9 which operate at about 89,200 
cycles. Тһе modulating frequencies now run between 30,500 
and 33,200 and are impressed in opposite phase on the grids of 
the two modulating tubes. The 89,200 cycle carrier is impressed 
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on the two grids in phase. Тһе transformer in the output 18 
differentially connected so as to eliminate the carrier, but it trans- 
mits the sidebands and the modulating frequencies. 

The two sidebands pass from the modulator into the second 
filter. The transmission band of the second filter is from 41,000 
to 71,000. The attenuation curve for it is shown in Figure 11. 
Only one of the sidebands falls within this range. Тһе impedance 
characteristic of this filter is shown in Figure 12. It will be 
observed that the impedance of this filter is quite low in the 
neighborhood of 30,000 to 33,000 cycles. The resistance outside 
the band, of course, is practically zero and the reactance curve 
crosses the axis at this point. Тһе purpose of using a filter hav- 
ing this reactance characteristic is to allow the modulators to 
function properly, as it is a well-known fact that in order to get 
modulated power out of the Van der Bijl type of modulator, the 
impedance in the plate circuit for both the modulating and modu- 
lated frequencies must be low. Тһе impedance is, therefore, 
made a minimum for the modulating frequencies which, in this 
case, lie between 30,500 and 33,200 cycles. It is not necessary 
to make it either zero or a minimum for the modulated frequency 
of 89,200 in the arrangement which we are using, for the reason 
that the differential connection of the transformer eliminates the 
filter from the circuit. In the case of the first modulator, the same 
requirements hold. The differential transformer connection elim- 
inates the filter from the circuit for the carrier frequency, but not 
for the speech frequencies. Тһе filter used has not the desired 
low impedance at the speech frequencies, so we take advantage 
of the inefficiency of the transformer at these frequencies to pro- 
vide the low attached impedance. 

The transmission characteristics of the second filter are such 
as to give us considerable flexibility in frequency range. The 
lowest position where it will allow the placing of the desired side- 
band is between 41,000 and 44,000 cycles. Тһе frequency of the 
second oscillator in this case would be set at 41,000+33,200 or 
74,000 cycles. This point is well up on the upper side of the at- 
tenuation curve, so that the second carrier frequency would be 
kept out of the amplifier and the antenna. Тһе degree to which 
this muct be kept out is very great for the reason that in а high- 
powered set, it does not take a very large input to put several 
watts into an antenna even tho it is off tune. "The highest posi- 
tion where we would possibly place the desired sideband is around 
68,000 to 71,000 cycles. Тһе frequency from the second oscilla- 
tor would then be about 101,000 cycles. Тһе upper sideband in 
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both of these cases would be at 100,000 cycles or above. Тһе 
second filter will easily eliminate this upper sideband. 
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Figure 11—Attenuation Curve of Second Filter 
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Figure 12—Impedance Curves of Second Filter 


W- The second filter is built to have a very high attenuation 
between 24,000 to 35,000 cycles, because it is іп this region that 
the modulating frequencies of the second modulator lie. Тһе 
arrangement of the second modulator is such that the modulating 
frequencies pass thru both tubes and the second transformer 
readily into the second filter so that it is not impossible, if the 
second filter does not eliminate them, for them to produce in suc- 
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ceeding amplifier tubes second harmonics which might lie directly 
in the range of the desired sideband. That is, since our first side- 
band lies between 30,500 and 33,200, the second harmonics from 
it would lie between 61,000 and 66,400, and if we try to use this 
latter region as the position of a sideband for communication, we 
might find that some of these harmonics would fall within the 
band and give disturbing noises. 

f From this second modulator the desired sideband D, which is 


shown in Figure 6, is passed into the low power amplifier. This 


low power amplifier is a three-stage amplifier consisting of 5-watt, 
50-watt, and 750-watt steps. These are the power ratings of the 
tubes. The actual power secured in the various amplifier stages 
is not these values, but is considerably lower. Power efficiency 
in this part of our set is not of importance, but quality is, so these 
three stages are built for reproducing the desired sideband faith- 
fully and at a sacrifice of power. The last two stages are purely 
voltage step-up stages, or choke coil amplifiers. Тһе power 
се from the last amplifier is about 500 watts maximum. 


INSTALLATION 


Photographs of the single sideband apparatus are shown in 
Figure 13. The apparatus is built on two racks. Each elemental 
circuit is also on its own panel. The first rack contains all the 
single sideband producing apparatus and the second rack con- 
tains the three-stage amplifier with the testing and measuring 
panels. | 

The power comes from several sources. Тһе modulators and 
oscillators have their plates supplied from the 220-volt direct 
current circuit in the station. The amplifiers are supplied from 
& 1,500-volt generator. All filaments are lighted by alternating 
current. Тһе negative grid potentials for the amplifiers are 
secured by potentiometer arrangements from the 220-volt circuit 
while for the modulators, a battery is used. 

The arrangement of this apparatus at Rocky Point is shown 
in Figures 14 and 15. Figure 14 shows the single sideband pro- 
ducing rack and Figure 15 shows the preliminary amplifier rack. 
In locating this apparatus in the station, precautions had to be 
taken to prevent singing. The power supplied from either oscil- 
lator to the modulators is of the order of one one-thousandth of a 
watt. The power delivered by the water-cooled tubes to the 
antenna runs up over 100 kilowatts. Тһе ratio of these powers 
is about 1 to 100,000,000. It would not do to leave this apparatus 
operated by such small voltages in such & position that the high- 
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powered equipment could disturb it. This apparatus was, there- 

fore, all mounted inside a copper-screened cage. The screen was 
, 

placed on the floor and ceiling as well as on all four sides. Ехеп 
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Кісгне 13— Photograph Showing the Panel Type of Construction. Тһе Left 

Hand Rack Contains the Oscillators, Modulators, and Filters. Тһе Right 

Hand Rack Contains the Three-stage Amplifier which Delivers the Single Side- 
band at About 500 Watts Maximum 


a screen door was provided, tho it has not always been necessary 
to close the latter. Shielding is sufficiently well done, so that any 
voltages introduced in the wiring of the set from the high-pow- 
ered apparatus are small compared to the driving voltages from 
the oscillators. 

There is also located in this cage a Vreeland oscillator which 
provides frequencies over the audio range for much of the test 
work. It may be observed in Figure 14 behind the sideband rack. 

The power supply of all this equipment was handled thru a 
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Figure 14— Photograph Showing the Oscillator-Modulator Rack Located in 
the Shielded Cage 


switchboard also located within the cage. Тһе motor-generator 
which supplies the power at 1,500 volts for the three 250-watt 
tubes is started and controlled from this panel. Тһе direct cur- 
rent power circuits for supplying the 220 volts to the small tubes 
is also run thru this switchboard. Other pieces of apparatus used 
іп testing such a wave meter and monitoring receiving set, are 
also usually kept in the cage tho they are not shown in any of the 
pictures. 
508 


Figure 15— Photograph Showing the Preliminary Amplifier Rack Located in 
the Shielded Cage 


PERFORMANCE 


In a study of the performance of the single sideband apparatus 
the first element we look for is quality. We get our idea of quality 
primarily from an amplitude-frequency performance curve. This 
is based upon our previously stated theory that if all sustained 
frequencies between 200 and 2,500 cycles are transmitted with- 
out any appreciable frequency discrimination, the quality will be 
satisfactory for the purpose. Our quality tests, therefore, take 
the form of a set of curves plotted between input frequency in the 
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audio range and output amplitude from the last amplifier. The 
amplitudes of the input frequencies are kept constant, that is, 
we supply the same power at all audio frequencies. The voltage 
or current of the single sideband resulting is measured for each 
one of the signal frequencies and the curve plotted. We also find 
it desirable to take measurements at various points in the set in 
order to locate the position of the various distortions if possible. 
In Figures 16 to 18 are a set of these curves which were taken in 
the manner described. 
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FicvRE 16—Amplitude of the Sideband Frequencies at the Output 
Terminals of the First Filter as a Function of Modulating Fre- 
quency. Input at All Frequencies Constant 
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Ficure 17—Amplitude of the Sideband Frequencies at the Output 
Terminals of the Second Filter as a Function of Modulating Fre- 
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FicvRE 18—Amplitude of the Sideband Frequencies Delivered by 
the Set to the Water-cooled Amplifying Tubes as a Function of 
Modulating Frequency 
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Figure 16 is a curve showing the output of the first modulator 
and filter. In Figure 17 is shown the output curve of the second 
filter. Some additional distortion has evidently occurred over 
what is produced in the first опе. However, it does not produce 
any serious reduction in quality. In Figure 18 the over-all char- 
acteristic is shown. Further distortions occur, some parts being 
worse and some parts better. This curve is still one which indi- 
cates we should get adequate quality. 

That the quality resulting from the set is good is indicated 
by the fact that in the public demonstration across the Atlantic, 
the speakers! voices were recognized and reporters had no trouble 
in getting every word using the head telephones or a loud speaker. 
quality was not good, but their troubles were located in their 
sharp receiving circuits. Тһе distortion that a good long wave 
telegraph receiver will cause is enormous. When this fact was 
pointed out and proper circuits used, their bad quality disap- 
peared. 

The operation of this apparatus has been quite satisfactory. 
It has been in use for a vear and a-half. It was-oper- 
ated continuously during the early trials апа development 
and during the last year during all weekly tests. Changes 
have been made from time to time, as сап be seen if Figures 
13 and 14 are compared. Photograph 13 was taken just be- 
fore the apparatus was shipped to Rocky Point and Figures 
14 and 15 after it has been in use some time. "The continued 
operation could not help but cause certain modifications to be 
made to improve operation or facilitate adjustment or control. 
All changes made, however, were of a minor nature, as no depart- 
ure was made from the fundamental svstem which we had in 
mind when starting out. The operation is reliable in every way, 
as evidenced by the regular week-end trans-Atlantie tests which 
are carried out and the absence of necessity of tinkering between 
times. 

Research Laboratories of the American Tele- 

phone and Telegraph Company апа Western 

Eleetrie Company, Incorporated, New York. 
October 9, 1924. 


SUMMARY: This paper describes in detail the equipment and circuit used 
in the production of the single sideband for trans-Atlantic radio telephony in 
the experiments at Rocky Point. The set consists of two oscillators, two sets 
of modulators, two filters, and a three-stage amplifier. The oscillators and 
modulators operate at power levels similar to those in high-frequency com- 
munication on land wires. The three-stage amplifier amplifies the sideband 
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produced by these modulators to about a 500-watt level for delivery to the 
water-cooled tube amplifiers. 

The first oscillator operates at about 33,700 cycles. Тһе modulator is 
balanced to eliminate the carrier; and the first filter selects the lower sideband. 
In these trans-Atlantic experiments the second oscillator operated at 89,200 
cycles, but might operate anywhere between 74,000 and 102,000 cycles. The 
second modulator, which is also balanced, is supplied with a carrier by the 
second oscillator and with modulating currents by the first modulator and first 
filter. The second filter is built to transmit between 41,000 and 71,000 cycles, 
so that by varying the second oscillator, the resulting sideband, which is the 
lower sideband produced in the second modulating process, may be placed 
anywhere between these two figures. Transmission curves for the filters are 
given as well as some amplitude-frequency performance curves of the set. 
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POWER AMPLIFIERS IN TRANS-ATLANTIC RADIO 
TELEPHON Y* 


By 
A. A. OSWALD 


AND 
J. C. ScHELLENG 


(WESTERN ELECTRIC Company, NEw YORK) 
INTRODUCTION 


It has long been recognized by engineers interested in tele- 
phone service over great distances that radio transmission offers 
the most promising medium thru which commercial trans-oce- 
апіс voice communication may be realized. It is now fairly well 
established that, both from the viewpoint of the conservative 
use of the ether and from the consideration of financial costs, 
the most economical radio system requires the development of 
the useful signal element by modulation and filtration at very 
low power values and subsequent amplification to the levels 
necessary for successful transmission. Convincing proof of this 
statement is found in the successful application and operation of 
such a system during the trans-atlantic telephone experiments 
in 1923. 

It is not within the scope of this paper to enter into а com- 
plete discussion of these experiments or even to describe the oper- 
ation of the system as а whole. Papers have already been pub- 
lished! which present the over-all results attained during recent 
tests and which describe the general system and methods em- 
ployed. 

For the present purpose it will suffice to say that one of the 
objects of the experiments in 1923 was to demonstrate the efficacy 
and the practicability of radio transmission by means of the 
single-sideband eliminated-carrier method. With this method 

— *Presented before Tue INSTITUTE oF Rapto ENGINEERS, New York. 
May 7, 1924. Received bv the Editor, December 11, 1924. 

1 “Тгапв-осеапіс Wireless Telephony," by Dr. H. W. Nichols, “Journal 

of the Institution of Electrical Engineers," volume 61, number 320, July, 1923 


“Transatlantic Radio Telephony," by Н. D. Arnold and L. Espenschied 
“Journal of American Institute of Electrical Engineers’, August, 1923. 
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the narrowest possible frequency band is employed in the ether 
and all of the radiated energy has maximum effectiveness in 
transmitting the signal. Ав mentioned above, the single side- 
band currents of the desired frequency are prepared at low power 
and then amplified to the required magnitude for application to 
the transmitting antenna. А paper has been given recently 
which described the low-power modulating system in considerable 
detail.? The present paper deals entirely with the power am- 
plifiers. Material concerning other parts of the system will only 
be introduced when it contributes to the definition of the am- 
plifier functions or when it seems essential to a clear conception 
of the requirements imposed on the amplifier. 


CHARACTERISTICS OF SINGLE-SIDEBAND SIGNAL 


It is well known that, when an alternating carrier current 
is modulated by telephone currents, the resultant wave is dis- 
tributed over а frequency range? which may be conveniently 
considered in three parts: (1) the carrier frequency itself, (2) а 
frequency band extending from the carrier upward, and having 
a width equal to that of the frequencies appearing in the modu- 
lating wave, and (3) a band extending from the carrier downward, 
and having a similar width. 

These relationships are shown by the three spectra plotted 
in Figure 1. The rectangle B with the frequency limits S; and S; 
represents the voice frequency band essential to the transmission 
of intelligible speech. Тһе frequency fe is that of the alternating 
carrier current. which is being modulated. Тһе products of 
modulation are spread over a region comprising the original car- 
rier frequency fe and two bands В, and В», known as the lower 
and upper sidebands. These two bands have the same width 
as the band B and furthermore each transmits power which con- 
tains all of the elements necessary to reproduce the original 
speech. Since most of the radio telephone transmitters now in 
use radiate all of the products of modulation shown in Figure 1, it 
will be convenient to employ the term “ordinary” to designate 
systems in which none of these products are suppressed. 

The ordinary radio telephone sends out the carrier fe con- 
tinuously and adds to this the bands В, and В» whenever speech 
or other similar signals are transmitted. The total transmission 

* Bv. К. A. Heising, entitled, “Production of Single Sideband for Trans- 
atlantic Transmission," presented at a meeting of THe [INSTITUTE ОЕ RADIO 
ENGINEERS, on March 19, 1924. 

3 "Relations of Carrier and Sidebands in. Radio Transmission," Бу R. 
V. L. Hartley, PRockEbINGS оғ Tue IusriTUTE оғ Rapio ENGINEERS, Feb- 


ruary, 1923. 
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Ғіссне 1—Frequency Spectra іп Radio 
Telephone Modulation 


frequency range extends from f.— 5: to f.4- S; and is therefore 
equal to 2 Sz. 

In the single-sideband eliminated-carrier method of trans- 
mission no power is radiated except when signals are being trans- 
mitted. A combination of modulators and electrical filters are 
employed to eliminate the carrier and one sideband. Thus in 
Figure 1, currents of all the frequencies less than f, are prevented 
from reaching the output circuit of the modulation system. The 
total transmission frequency range extends from fe+ S, to / +9 
and is therefore equal to S;— Sı. This is slightly less than one- 
half the frequencies employed by the ordinary method. Modu- 
lation becomes a simple frequency transformation in which all 
the signal frequéncies in the band B are stepped up an equal 
amount fe to produce the band Bz. 

If a pure sine wave potential of frequency S, be applied to 
the input terminals of a single-sideband system, the resultant 
output will be a continuous wave of frequency f-+S,. Hence a 
single-sideband radio telephone system can be converted into a 
continuous wave telegraph system without any change in appara- 
tus other than replacing the microphone with a single frequency 
generator. 

Thus far the comparison of the single sideband signal with 
that of ordinary radio telephone signal has emphasized the 
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difference in frequency ranges. There are other important 
differences between the two signals which have a direct bearing 
on the requirements of the transmitting apparatus. Such dif- 
ferences will now be considered with the assistance of the diagrams 
shown in Figure 2. In these diagrams no effort has been made 
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FicvnE 2—Wave Radiated in Three Systems of Transmission. 

In interval 7,—T, there is no modulation. In Т,— Т, there is modu- 

lation by two audio frequencies, à fundamental and its second 
harmonic 


| 1 


to represent correctly each radio frequency cycle, but the enve- 
lopes of the radio frequency instantaneous peak values are 
properly related. Тһе signal condition shown during the time 


interval from Т, to Т» is that which occurs when no voice message 


is being transmitted, for example, during a pause between words. 
The signals shown during the interval from T; to T, represent 
conditions when & voice message is in process of transmission 
and the audio frequency wave conforms to the envelope of the 
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upper curve. Тһе signals represented by the upper curve are 
those radiated by the ordinary radio telephone transmitter. In 
this case а continuous wave signal is sent out during the interval 
Tı Т, and the wave, transmitted during the interval Т; Ta, may 
vary in amplitude from zero to twice the amplitude of the con- 
tinuous wave signal radiated during the interval Т, Т). The 
signals represented by the lower curve are those sent out by a 
single-sideband radio telephone transmitter. Хо signal of any 
sort is radiated during the interval T, T; and the maximum 
amplitude during the period Т; T, is considerably less than that 
for the case where the carrier is transmitted. Even disregarding 
the advantages possessed by the single-sideband system, that 
there is less interference due to the sharper tuning permissible 
in the receiver and that the received signal strength is subject 
to less variation due to changes in the ether conditions, this 
system has the advantage of lower power consumption for given 
results. Тһе maximum power capacity requirement is one- 
fourth of that for the usual transmitter. It is important to re- 
member that the power output of & single-sideband transmitter 
is zero when no speech is transmitted and that the output varies 
from zero to approximately full load each time a word is spoken. 
This characteristic has an important bearing on the power sup- 
ply and amplifier requirements. 


OPERATIONAL CLASSIFICATION OF ÁMPLIFIERS 


Vacuum tube amplifiers, like most electrical apparatus, may 
be classified in а number of ways. For the present purpose it will 
be convenient to group them in three classes, according to their 
mode of operation, defined as follows: 

Class I comprises amplifiers in which operation is confined 
to the substantially linear portion of the tube characteristic curve. 

Class II consists of those in which the anode current never 
ceases to flow, but operation extends beyond the linear portion 
of the tube characteristic. 

Class III comprises amplifiers in which the anode current 
ceases to flow during a portion of each cycle. 

Telephone repeaters and similar audio frequency apparatus, 
in which distortionless amplification is a prime consideration, 
are usually amplifiers of the first class. When some distortion 
is permissible and power efficiency is important, amplifiers of the 
second and third classes are employed. High efficiency radio 
frequency power amplifiers are all of the third class. 

Typical anode current and potential relations for each class 
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of amplifier are shown in Figure 3. Тһе curves at the left show 
the static characteristic and also the dynamic characteristics for 
a load at unity power factor. Those at the right are the cor- 
responding current and voltage relations with time as abscissa 
when а simple sinusoidal voltage is applied to the grid. In an 
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FiGurE 3—Typical Characteristics of the Three Classes of Amplifiers 


amplifier of the first class the grid polarizing potential E. is 

selected so that the alternating emf. applied to the grid operates 

on the linear portion of the dynamic characteristic. Тһе peak 

value of the applied alternating grid voltage ес is always less than 

the polarizing potential E.. The alternating components of 
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anode potential and current very closely approximate sine waves 
and may be considered so for all practical purposes. In the case 
of amplifiers of the second class, the peak value of applied alter- 
nating grid potential may exceed the grid polarizing potential, 
but is never sufficient to bring the anode current to zero. The 
anode current ть departs considerably from a sine wave. Dis- 
tortion may occur in ть due to the flow of grid current when the 
grid assumes positive values. Amplifiers of the third class are 
driven by comparatively large alternating grid potentials. The 
value of grid polarizing potential is selected at or near the point 
of anode current cut-off. For some purposes it may be made 
much greater than the cut-off value. It is usually the case that 
during each cycle the grid swings positive to such an extent that 
there is an appreciable grid current. The anode current is pul- 
sating and flows only during the time A. Тһе energy dissipated 
in the anode is represented by the integrated product of eo 1. 
Since % is zero when еь is large, this mode of operation results 
in much higher power efficiencies than can be obtained other- 
wise. While discussing this question of efficiency it may be 
pointed out that for amplifiers of the third class а considerable 
advantage is gained by limiting the flow of anode current to a 
half cycle or less. This condition is obtained by establishing the 
grid polarizing potential at values equal to or greater than the 
value required for anode current cut-off and exciting the grid 
with correspondingly large values of alternating emf. Improved 
efficiency may be obtained in this manner for the case of con- 
tinuous wave telegraphy and that of carrier radio telephony 
without serious disadvantage in other respects. However, in 
the case of single-sideband transmission other considerations 
make it desirable to employ grid polarizing potentials slightly 
less than the anode current cut-off value. The foregoing defini- 
tion of third class amplifiers includes those in which the grid and 
anode potential wave form are distorted for the purpose of ob- 
taining high efficiency or high power. The essential character- 
istic common to all members of this class is that the current be- 
comes zero for a finite portion of the cycle. 


AMPLIFIERS OF THE THIRD CLASS APPLIED TO RADIO TELEPHONY 


Since the anode current in an amplifier of the third class is 
pulsating, energy is delivered to the output circuit in similar 
form. Therefore, it is usually advantageous to employ an out- 
put circuit containing elements which tend to store the energy 
as received from the tube and power source and to deliver this 
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energy to the load in sinusoidal form. Furthermore, altho the 
presence of harmonics in the anode circuit contributes to the at- 
tainment of high efficiencies, it is obvious that, where a third 
class amplifier is used as the final stage of а radio telephone sys- 
tem, the radio frequency harmonics must not be allowed to reach 
the antenna. Тһе importance of harmonic current suppression 
in a high power radiating system can scarcely be over-emphasized. 
One of the best ways to accomplish both the foregoing results is to 
employ a circuit which by-passes harmonics thru а low impedance 
path and, by virtue of its resonance to the fundamental, receives 
energy at that frequency. Such a circuit is shown in Figure 4. 
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During a portion of each cycle the circuit CL, which is tuned to 
the frequency of the driving generator, receives one or more cur- 
rent pulses. These impulses add energy to that being cyclicly 
interchanged between the electrostatic fields of the capacities 
and the magnetic fields of the inductances. The movement of 
energy between C and L continues during the period when the 
anode current is zero, and the alternating potential across the 
terminals AA of CL completes each cycle approximately as a 
sine wave. It follows that the load current is not greatly affected 
by the pronounced distortion of the anode current. 

Referring to Figure 5, e: is the alternating emf. applied to 
the grid, and 2 is the anode current. In this case the grid polar- 
izing potential Ес was selected to cut-off the anode current at 
€.—0. The anode current consists of distorted half waves, but 
the circuit CL, Figure 4, functions to give the load current a 
sinusoidal form. 'The anode current, Figure 5, may be resolved 
into a direct current component, a radio frequency fundamental 
and a large number of harmonies. 

Since the dynamic characteristic is a function of input ampli- 
tude* the behavior of the system is somewhat different when а 

‘R. A. Heising “Modulation in Radio Telephony," (Appendix), Pro- 
CEEDINGS OF THE INSTITUTE OF RADIO ENGINEERS, August, 1921. 

320 


modulated radio wave is applied to the grid, but the underlying 
principle of operation is unchanged. "The variations in dynamic 
characteristic change to some extent the radio frequency distor- 
tion in the anode circuit. 
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FicvnE 5—Current and Voltage Relations in Typical Amplifier of 
the Third Class 


When a modulated radio wave such as the upper curve in 
Figure 2 containing the carrier and both sidebands is amplified, 
the anode current contains a constant direct current component 
corresponding to the carrier and a large number of audio fre- 
quency components corresponding to the original voice currents. 
Provision is usually made to by-pass these voice currents around 
the direct current power source. The load on the power source 
fluctuates at syllable and word frequencies within a relatively nar- 
row margin at approximately full load value. 

On the other hand, when a radio wave comprising a single- 
sideband signal, such as the lower curve in Figure 2, is amplified, 
the anode current does not contain a constant direct current 
component in addition to the radio frequency currents, but 
does have large currents within the voice frequency range, plus 
large low frequency components corresponding to words and 
syllables. Hence the load on the power source fluctuates be- 
tween zero and full load at syllable frequencies. This is an im- 
portant consideration in designing the power source for a single- 


sideband amplifier. 
321 


a. 2 2 - pu ө” - = we —_ -- — 
ж <> Я = г DE: ; uu — 
* ^ " > a е ” e- т zu --.- 1-- -- ж 
Pd И I ж - Жж < 2 æ М -— +. 22% — * . 
- - x 
P », „” Pd ЕА = - xz - -r = p- == == - a” — - ---- p 
a d = -— си - = - - = - t ~ 
г 4 4 p , ғ,» zu. - ET. 5 „= 0: ee = -- ~~ - 
^ - - 2 - 2 
eo 2. НГ" е = 2 TO a е S^. TP gam - “-- ғ сə... ---,.- MM 
P al - —_ -— - - 
> - — 
r 2 - - ж е. - - -- = - -- = 
=> - e - à --- et o EET эл. 4 ,. - _ е 
-- 
S- fue “ve ” ү 2 x = > ing A аур” -o d a e dies ` ser гр LÀ - 
- А — 2: 
5 ғ. т = т - 4.72. - - ~- = = 55% . - 
4. -- - r > t Ы - -— M 
- — — p - - ++— = ~ ж 
p pf? e ow 1 PI: ә* ibd m D7 Furat 7 мый оф -- s -7T т. 
2 pam ES ж жаша 
- 
РЕ potus m» ы - 4 . P _ Е = „— " 2 — > — -— aw - Eun дат 
- -— ы zu E 2 ө меш —À 
Р s E А > —- - - Ж --- - — = - = = - -— -- 
E 2 ғ " -— - - 
ж z * t - Т t Е > е T - ж” . oo = 
e “7 KU ж eve Сома 22 9 ERSTE 9 ; Des ФЕ 7 — .-- umm 7 7o. 
e oe = - - р" -— =» — 
P 7 7%. ж е > ж ED 222 -. - $ 25 SS тат” ды т —- cU E 
^ -5% - ees шр» 12 - - — om 
t 7 ” + I P = - т s + gá So EY = 
, - 2 - - - -- 
4 "ES rm 1 54 = кыч Tee te 5. r ЕРНИ 
2440047 £t. ef 0 Ж FE Lr А : get ЫЕ cL ' 
ш 2-4 РА se- Y г 7 ә P4 е * æ A e 77 - жал a -—— 770 X ret $a 
z - 2 » 5 - — 


'7. uam c. ue Ee ea ee СА ue А г 
(AT a OE ЫСУУ "зе оюсу oe асар 177 пп. Пет 


77, 47 Ф7”.,А 4.727 -73 АШЫ. ШАШЫ Fi O41 wo L3 


Р as oe » 2, a a 
ГА кеэ э” е An. Ose 


<2 — -- 


Sol el abe os teen 


ре 


Камба, 7 


Vib 2 Vib.3 


Connection of the Oscillograph Vibrators Used in 
Taking Figure 6 


422 


special precautions are taken to eliminate them from the antenna. 
One well-known method of balancing out the even harmonies 
is by means of the push-pull amplifier. Тһе odd harmonics, 
however, are not affected and hence the method of itself is not 
sufficient, altho it is helpful. In a radio transmitting system this 
reduction of the even harmonics is the main virtue of the push- 
pull amplifier. As regards the reduction of distortion in the 
speech signal which is being transmitted, little if any advantage 
is gained. When the output circuit is such as to have negligible 
impedance for the predominant harmonics, there is no difference 
whatever between the amplitude characteristics of these two 
types of amplifier. 

In the case of the present trans-atlantic experimental installa- 
tion, the introduction of & push-pull amplifier presented certain 
minor problems. While these were by no means difficult to solve, 
the advantage to be gained did not justify discarding the more 
simple method of connecting all of the power tubes in parallel. 


WaATER-CooLED TUBES 


At the time when the decision to build а trans-atlantic tele- 
phone transmitting set was made, a suitable vacuum tube had 
already been developed in this laboratory. Тһе principles which 
have led to the adoption of the type employed have already been 
fully discussed by Dr. W. Wilson in the “Bell System Technical 
Journal," volume 1, number 1. 

For those who have not followed recent progress in the de- 
velopment of tubes of high power it will be sufficient here to say 
that in this type the anode, which forms a part of the containing 
envelope, is immersed in water. Continuous circulation of the 
latter carries away the power dissipated in the copper anode, 
the temperature of which is thus maintained well below the 
boiling point of water. Instead of the tube being inserted in a 
socket it is placed in a jacket so designed that water, entering 
from below, flows about the cylindrical anode with a rapidly 
whirling motion. 

The type of tube employed in the experimental installation 
is capable of dissipating continuously ten kilowatts with an 
ample factor of safety. Such a tube will develop ten kilowatts 
in a suitable oscillating circuit. The operating voltage is 10,000. 
The ten-kilowatt output can readily be obtained with a direct 
current in the anode circuit of 1.4 amperes or less. The grid 
current is between 0.1 and 0.3 amperes. As a rule it is desirable 
that the filament emission of an efficient radio power tube be 
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about five times the direct current to the anode. This means 
that in the present case about seven amperes are needed, a re- 
quirement which is readily met with а filament current of 41 
amperes at 22.5 volts. Pure tungsten wire 0.035 inches in diame- 
teris used. Тһе grid must usually be able to dissipate from 200 
to 250 watts. This condition is fulfilled by the water-cooled tube 
with a large factor of safety. The amplification constant is about 
thirty-eight. This signifies that the negative potential which we 
must apply to the grid in order to reduce the anode current at 
10,000 volts to zero, has & value of about 260 volts, that is 
10,000 /#. 

When large numbers of high power tubes are operated in 
parallel it is desirable that separate protection be provided for 
each one. If this is not done, an open grid circuit, а burned-out 
filament or some other abnormal circumstances, may operate not 
only to destroy the tube completely but to injure other apparatus 
as well. Under such cireumstances the overload protection for 
the tube bank as a whole would not be of much value. "Therefore 
each tube is provided with а small overload relay. When the 
anode current exceeds a certain average value the relay contacts 
are opened. In this way the no-voltage release circuit of the 
power line breaker may be opened or the holding current of a 
remotely controlled switch may be interrupted, directly or thru 
the agency of an intermediate relay. Such a closed circuit sys- 
tem is preferableinthistype of installation to the open-circuit type. 

It will be obvious that if the flow of water in the cooling 
jacket is interrupted, the tube may suffer serious damage, re- 
sulting in loss of vacuum. In extreme cases the anode may be 
punctured. Hence, іп a permanent installation some sort of 
alarm which operates when the flow is less than a certain amount 
is necessary. There are devices on the market which operate 
.on water pressure rather than flow. "These are satisfactory for 
certain cases, but do not afford complete security under all con- 
ditions. Two different types of alarm depending on flow have 
been developed. Тһе one now in use is shown in Figure 8. Two 
views are presented, that at the left being an assembled alarm 
and that at the right being an “exploded” view. One feature 
of this design is the air dome formed by the cap. The imprisoned 
air prevents the water from reaching the electrical contacts. 
The advantage thus obtained in maintaining clean contacts is 
obvious. Such a device can readily be made to open the main 
circuit breaker, as well as to operate some audible or visible type 
of alarm. 


The copper anode is safe providing that the temperature of 
every part is below the boiling point of water. However, to 
insure this condition, the temperature of the water at the outlet 
must be well below 100? C. This is particularly true when several 
water jackets are connected in parallel and only the average tem- 
perature of all is measured. No one outlet temperature can be 


FicvRE 8—Partially Assembled and Exploded Views of 
aterflow Alarm 


specified for all cases since this depends on the rate of flow and 
the inlet temperature. It is entirely safe to operate a ten-tube 
unit with an outlet temperature of 60° C. when the inlet is at 
25° C. and the water flow per jack is one gallon per minute. 
Normally, however, the temperature is considerably less than 
60° C. Means are provided to insure that this temperature is 
325 
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Figure 10 is a rear view of the amplifier. Тһе space behind 
the panel is enclosed with expanded metal so that while the tubes 
are visible there is no danger that the operator will accidentally 
come into contact with a high potential conductor. The filament 
transformers, one for each tube, and such other apparatus as the 
potentiometer and filter used in connection with the grid polar- 
izing circuit, are also located in this enclosed space. 
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Figure 10—Rear View of Amplifier Set Shown in Figure 9 
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Just beneath the tubes are placed the insulating hose coils 
thru which cooling water circulates. "These are necessary be- 
cause the anodes operate at high voltage and the water supply 
is at earth potential. The general belief is that ordinary tap 
water, undistilled. is a fairly good conductor. Calculations made 
of the resistance of a half-inch hose a few feet in length filled with 
tap water show the resistance to be in the neighborhood of a 
megohm. Because of this rather high resistance these water 
columns need not be very long. 

The rectifier was of the whole-wave tvpe. two two-element 
water-cooled tubes being emploved. From Figure 9 it is seen 
that these were mounted in a unit similar to the amplifier. А 
rear view is shown in Figure 11. 

In a finished set the power control apparatus and the units 
containing the low power oscillators, amplifiers and modulators 
would be lodged in panels of the same height and general appear- 
ance. They would be placed adjacent to one another along the 
same line so that all of the routine adjustments which could be 
made with power on would be made from the front of the set. 

The result of this development was a power amplifier unit 
which operated in the range of wave lengths now used for broad- 
casting and which could be readily converted to operate at any 
other suitable radio telephone frequency. Altho the power sup- 
ply was a sixty-cycle single-phase rectifier, the filter circuit built 
to eliminate the large ripple reduced it to about one percent of 
the supply voltage. Had it been necessary, an increase in the 
size of the filter could have been made to attenuate the ripple 
to a lower value without making the equipment unduly bulky 
or costly. 


AMPLIFIER REQUIREMENTS FOR EXPERIMENTAL TRANS-ATLANTIC 
INSTALLATION 


Since the generation of a single-sideband signal is most readily 
accomplished at low power levels (of the order of 500 microwatts) 
the complete amplifier system must receive energy at this level 
and increase the power to very large values. For the purposes 
of the present experimental installation, a maximum power out- 
put of 150 kilowatts is required from the last vacuum tube bank. 
This represents an over-all power amplifieation ratio of the order 
of three hundred million. 

Obviously the first stages of sueh an amplifier svstem аге 
small sensitive devices operating at low potentials and requiring 
eareful electrical shielding. As the amplification progresses а 


42% 


— 


— q 


pn 
=- = рете 


аттты "УЫҒЫ 
отты Фа --. 
-— 


VU 
| | 


ШІ 


Кісене 11—Rear View of Single Phase Whole-wave 
Rectifier Shown in Figure 9 
point is reached where shielding becomes less important and a 
large upward step is taken in anode potentials of the amplifiers. 
The entire type of apparatus design may change at this point. 
Hence it is logical and convenient to divide the system into two 
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distinct amplifier units operating in tandem. The low voltage 
stages will be termed the intermediate amplifier and the high 
potential stages will be referred to as the power amplifier. Only 
the latter will be given detailed consideration. 

In the present installation the division between intermediate 
amplifier and power amplifier, expressed in terms of power level, 
occurs in the range 300 to 500 watts. Hence the amplification 
requirement of the power amplifier for the experimental system 
may be stated as 400 watts input and 150 kilowatts output. If 
there is to be no distortion the amplification ratio must be uni- 
form thruout the transmission frequency band for all amplitudes. 

Ап outstanding advantage of the single-sideband eliminated- 
carrier method of transmission lies in the fact that the frequency 
band over which uniform amplification is desired is reduced to 
slightly less than one-half of that usually required and this 
greatly simplifies the amplifier design problem, particularly in 
the case of trans-oceanic transmission where relatively low radio 
frequencies are employed. "This matter will again be considered 
when discussing the amplifier circuit design. 


BLock SCHEMATIC OF POWER AMPLIFIER SYSTEM 


Due to the large power capacity and the relatively high 
operating potentials, the design and construction of the experi- 
mental power amplifier system involved a number of new prob- 
lems. The size and weight of various parts precluded the ordi- 
nary procedure of mounting the vacuum tubes and the asso- 
ciated apparatus in a single self-contained unit. The arrange- 
ment adopted was not unlike that for other types of power appa- 
ratus where the system comprises a number of complete units, 
separately located and controlled from a central position. Altho, 
in the case of an amplifier system the design of each unit is closely 
associated with the others, it will be convenient to consider them 
independently and to subdivide and restate the problem as ap- 
pliced to each part. For this purpose the block diagram shown 
in Figure 12 has been prepared. 

The general problem of the power amplifier system has already 
been stated; viz., to receive а single-sideband signal of approxi- 
matelv 400 watts maximum power, distributed over a frequency 
band of 2,500 cycles, in the frequency range of 55,000 cycles to 
60,000 cycles, to amplify this signal with minimum distortion 
to 150 kilowatts maximum power and to deliver the amplified 
signal to an antenna system. This requires a power amplifica- 
tion ratio of 375. 
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When dealing with power outputs of 150 kilowatts, operating 
efficiency is an important item. High efficiency is obtained with- 
out undue distortion by employing amplifiers of the third class, 
but since the grids of such amplifiers are driven positive, an appre- 
ciable power is expended in the grid circuit of each stage, thereby 
limiting the amplification per stage to ratios much less than those 
secured with amplifiers of the first class. In power amplifiers of 
the third class a ratio of 375 requires two stages. It may be pos- 
sible to obtain the same amplification at these levels by means 
of a single stage, but more tubes will be required. 

In Figure 12 these two stages are divided into five units. The 
tube units comprise mountings for the tubes in each stage, means 
for supplying cooling water and filament heating current, and 
such individual protection as each tube may require. They do 
not contain the radio frequency power circuits common to all the 
tubes in a unit. These radio circuits are designated as the input 
circuit, the interstage circuit, and the output circuit. 

Тһе input circuit serves to connect the grid-filament terminals 
of the first tube unit with the line carrying the signal which is to 
be amplified. One of the functions of this apparatus is to receive 
efficiently the incoming signal energy and to convert it to the 
proper potential for operation of the power tubes; that is, to 
match the effective grid-filament impedance with that of the line 
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thruout the signal frequency transmission band. Another 
function is to introduce the desired grid polarizing potential and 
to provide amplification control. The interstage circuit serves a 
similar purpose between the anodes of the first tubes and the 
grids of the second. 

The output circuit connects the anodes of the second tube 
unit with the load. It acts as a conversion circuit which efficiently 
transfers the radio frequency power to the load circuit, which is, 
of course, the antenna system. The output circuit is required 
to eliminate radio frequency harmonics, and in cases where the 
impedanee characteristic of the antenna is unsatisfactory, the 
output circuit must be designed to correct the difficulty. This 
last requirement cannot always be completely met, but some cor- 
rection is usually possible, as will be shown later. 

The anode direct current power system must convert the 
available supply into direct current power at the proper voltage; 
it must suppress noise from the power source, and it must pro- 
vide a path to by-pass the large voice frequency components gen- 
erated in the anode circuits of the amplifier. 

The functions of the remaining blocks shown in the diagram 
of Figure 12 are self-explanatory. Their requirements are largely 
detail matters relating to control and protection, both for the 
power units and the tubes. Since the tube circuits are supplied 
with power thru three lines and are dependent upon the proper 
circulation of cooling water, it is apparent that the control cir- 
cuits must possess interlocking features, which prevent incorrect 
applications of power when starting the plant and which avoid 
damage to the system by switching off power whenever an abnor- 
mal condition is established during operation. Further than this, 
the control system should signal the attendant and give some 
indication of the kind and location of trouble. It should also 
include suitable safety devices designed to prevent the attendant 
from accidentally examining high potential parts without shut- 
ting off the power. All of these things can usually be accom- 
plished in a number of different ways and the exact arrangement 
is determined by the particular conditions. 


150-KitowaTT AMPLIFIER FOR TRANS-ATLANTIC EXPERIMENTS 

It has been shown that a two-stage system 1s required to am- 

plify a 400-watt signal to a 150-kilowatt signal efficiently and 

economically. Hence the experimental system was constructed 

on the basis of two 10-kilowatt tubes for the first stage and 

twenty 10-kilowatt tubes for the second. Since a two-tube unit 
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is capable of delivering 20 kilowatts, there is an ample margin 
in power capacity, and advantage is taken of this to adjust the 
circuit for improved efficiency and better quality. Тһе reasons 
for using twenty instead of fifteen tubes in the last stage will be 
more apparent later when the design of the output circuit is con- 
sidered. It will be sufficient at this point to say that the load 
power factor at the edges of the telephone transmission band 
may depart considerably from unity and that this effect, in com- 
bination with the anode circuit impedance characteristic, neces- 
sitates the extra volt-ampere capacity. 

The two-tube unit which was developed shortly after the first 
experiments with the present water-cooled tube and which has 
already been described was available for the first stage of the 
power amplifier. The single-phase rectifier unit was not required. 
The tube panel as installed for the first stage is shown at the right 
in Figure 13. In the middle of the picture is shown the central 
control panel for the power amplifier. This panel does not in- 
clude remote control of the radio frequeney tuning apparatus 
because the cost of such control is not warranted in an experi- 
mental plant. 

The twenty power tubes for the second stage were arranged 
in two panel type units each containing 10 tubes. The object 
in constructing two separate tube units was to provide greater 
flexibility both for experimental and routine testings. There 
are several operating advantages to be gained by dividing the 
tubes into two groups such, for example, as running at reduced 
power with one tube unit, while repairs are being made to the 
other unit. The suppression of undesired oscillations becomes 
more difficult as the number of tubes in a single bank 1s increased. 
During the course of the initial testing of the 150-kilowatt stage 
there were numerous occasions when the division of the tubes 
into two banks proved to be a valuable aid. 

The two ten-tube units for the second stage of the power am- 
plifier are shown at the left of Figure 14. Mounted on the upper 
panel are two auxiliary control buttons for use in emergencies, 
and a thermometer with electric contacts to ring an alarm in 
case the cooling water temperature exceeds a safe limit. The 
plate glass panel gives the attendant a full view of all the tubes 
and of the scale of the ammeter used for cheeking individual 
anode currents. This meter is located at the forward end of the 
high voltage rack about seven inches behind the glass panel. 
The meter is switched into and out of each anode сіге by means 
of jacks operated by a metal plug on a long insulated rod. The 
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Figure 13—Amplifier Shown in Figure 10 Installed as the First Stage of the 
Power Amplifier. The Second Stage is Shown in Figure 14 


two lower panels carry the rheostats and switches for individual 
control of filament currents. 

The jackets for the ten-tube unit are arranged in two rows 
of five tubes each as shown in Figure 15 and Figure 16. Compact 
arrangement of tubes is highly desirable both from an electrical 
and mechanical viewpoint. Cooling water is circulated thru 
common inlet and outlet headers so arranged that the flow is 
equalized for all tubes. Тһе connection between each jacket and 
the header contains а very short length of rubber hose for the 
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purpose of providing а high resistance electrical path between 
jackets. Тһе reason for this will be evident when the intertube 
electrical circuit is described. Хо valves are provided to shut 
off the flow to individual jackets. In case it is desired to operate 
without a complete set of tubes, metal disc stoppers are substi- 
tuted for tubes. It is not necessary for this stopper to have the 
same shape as the anode because the pressure drop thru the jacket 
is small compared to that in the connections to the headers. 
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Fiaure 14—Last Stage of Amplification. Two ten-tube sets are shown, also 
the six-phase rectifier at the right - 


Since the cooling jackets and the common intake and outlet 
headers are at the same potential as the anodes, it is necessary 
to bring the water to and from headers by means of hose coils 
as previously explained when describing the two-tube unit. 
These hose coils are located directly under the insulated frame 
supporting the water Jackets. Тһе intake and outlet lines are 
wound in parallel on the same frame. One coil is clearly visible 
in Figure 14. 

The water jackets are insulated from each other for com- 
paratively small voltages and are mounted on a main frame which 
is insulated for the full anode potential. This frame also sup- 
ports the radio frequency bus, the individual by-pass condensers, 
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Ficure 15—Front View of One of the Amplifier Units 


the individual anode circuit overload  trip-coils, the network 
for the suppression of inter-tube oscillations and the meter, jacks 
and cables necessary for checking the individual anode currents. 

The grids are connected directly to à common grid bus as 
shown in Figure 16. One side of the filament is connected in like 
manner. Тһе other side of each filament is connected to a rheo- 
stat and switch controlled from the front of the panel unit. Fila- 
ment heating current is supplied to the ten tubes by a trans- 
former placed on the floor between the hose coil and lower panel 
board. 

Adequate protection against high potentials is provided by 
expanded metal screens arranged for quick removal to facilitate 
repair work. These screens also introduce a certain degree of 
electrical shielding between the banks. Altho such shielding 
does not appear to be essential, its presence undoubtedly helps 
to stabilize the anode-filament capacity relations. 
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А schematic diagram of the electrical circuit comprising one 
ten-tube unit of the second power amplifier stage is shown in Fig- 
ure 17. It will be noted from this that the problem of connecting 
ten power tubes for parallel operation involves considerably more 
than merely connecting the terminals to а common bus system. 


77 к. 


FicurE 16—Side View of One of the Amplifier Units, Showing Tube Arrange- 
ment 


Beginning with the filament circuit, there are two buses con- 
nected to the terminals of the heating transformer secondary. 
These are provided with the usual bypass condensers. Тһе 
direct current from the anode circuit passes thru the transformer 
winding to ground. In order to balance the direct current thru 
the two halves of the transformer winding it is necessary to 
place five filament rheostats in the lead to one bus and the re- 
maining five in the lead to the opposite bus. 

It will be recalled that in describing the arrangement of water 
jackets and inter-connecting water lines it was stated that the 
jackets were insulated from each other. Тһе jacket, of course, 
corresponds to the anode in Figure 17. In order to eliminate cer- 
tain types of inter-tube oscillation, all of the anodes are con- 
nected together thru a resistance network so designed that sub- 
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FicunE 17—Schematic of the Electrical Circuit of One Ten-tube Amplifier 
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stantially equal resistance paths exist between any two Jackets. 
Each anode is connected to the main bus thru a path including 
a resistance and a choke coil in parallel. The latter passes the 
normal radio frequency. Тһе underlying principle of the net- 
work is to provide a low impedance path for the normal radio 
signal and a non-oscillatory resistance path for undesired oscilla- 
tion. Тһе inductances lower the resonant frequencies of the 
circuits involved in the tube-to-tube oscillations to such an ex- 
tent that the grid coupling, which is due to the inductance of the 
grid leads, is insufficient to sustain oscillations when damped by 
the resistance as described. Such a network is equally effective 
when placed in the grid circuit insofar as suppression of undesired 
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oscillation is concerned, but there are other reasons for not doing 
this. For example, since the grid is driven positive during a large 
part of each cycle, there is an appreciable grid current and every 
impedance in the path of this current tends to increase the non- 
linearity of the input-response characteristic of the amplifier. 
Then again, obstructions in the grid circuit will presumably tend 
to aggravate any effects due to secondary emission or to unusual 
gas conditions. Тһе latter occurs only in exceptional cases when 
a tube develops a slow leak, but the consequences may prove 
very injurious to the adjoining good tubes. / 

The direct current component flowing to the anode passes 
thru overload trip coils associated with an auxiliary control cir- 
cuit. Experience thus far has shown that such devices give 
valuable protection. Тһе jacks connected in series with these 
trip coils are so arranged that the insertion of a cordless plug 
switches ап ammeter into the plate circuit. Тһе information 
concerning tube performance obtained by observing the individ- 
ual anode currents more than justifies this slight switching 
arrangement. 

А simplified overall schematic of the power amplifier system 
is given in Figure 18. The input circuit to the first stage is simple 
because the output impedance of the intermediate amplifier, 
which supplies the signal at the 400-watt level, is approximately 
equal to the correct input impedance for the grids of the two- 
tube unit. Under these circumstances direct resistance coupling 
is satisfactory. А slightly greater output could be obtained from 
the first power stage by driving the grids thru an input trans- 
former, but the additional power is unnecessary. Тһе resistance 
coupling arrangement has a very desirable transmission char- 
acteristic and requires no difficult adjustments. А large induc- 
tance connected in parallel with the resistance coupling element 
bypasses the direct current component of the grid current. Тһе 
polarizing potential is supplied from a generator connected thru 
a potentiometer and a filter. 

The interstage circuit consists of а parallel tuned circuit 
designed to match the impedance of the two power amplifier 
stages. The resistance element flattens the impedance char- 
acteristic, thus making the circuit suitable for the transmission 
of telephone signals, and it also assists in preventing the genera- 
tion of spurious oscillations at frequencies of the same order as 
those of thesignal. Тһе grid polarizing potential is supplied thru 
a filter system the impedance of which is made low to prevent a 
blocking action which may occur under certain conditions. The 
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direct current to the grid is from one to three amperes and, in order 
to avoid distortion caused by changes in the grid polarizing poten- 
tial which result from variations of this current, the impedance 
of the potentiometer from which the polarizing potential is taken 
must be relatively low. For this reason about 2.5 kilowatts are 
- expended in the potentiometer. 


TO мтсемермат? 
Амре е 


4 


ant 


то GNO POLARIZING 
“ЛД «tur 


Fi TER 


FicunE 18—Simplified Over-all Schematic of the Power Amplifier System 


The grid buses of the two 10-tube units are connected to the 
common grid circuit thru a mid-tapped reactance coil having a 
high mutual coupling between the two halves. "The signal fre- 
quency currents pass thru this coil in opposite directions and are 
impeded only as а result of the leakage reactance. А resistance 
is connected in parallel with the coil. Any disturbances tending 
to establish oscillations between the two tube-banks encounter 
the full impedance of the coil with its shunted resistor. In doing 
this they are suppressed because of the large resistance com- 
ponent of this impedance. Тһе same device can be applied іп the 
anode circuit. In this case the coil must have a very much larger 
current carrying capacity. 


THE OurPUT CIRCUIT AND LOAD 

In subdividing the amplifier problem with reference to Figure 
12 the output and load circuits were defined. It will be recalled 
that one of the functions of the output circuit is to match the 
impedances of the power tubes and of the load. That is, having 
given an amplifier capable of delivering a certain amount of radio 
frequency power and an antenna with certain characteristics, it 
is necessary to design an intermediate circuit which satisfies the 
impedance requirements both of the power tubes and of the an- 
tenna. А весопа condition which the output current must satisfy 
Is that the power at all frequencies in the band must receive sub- 
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stantially the same amplification in passing thru the system to the 
antenna. Іп addition, in order to prevent interference, currents 
of harmonic frequencies must not beallowed toflow in the antenna. 

From the foregoing requirements it is obvious that in order 
to design the output circuit it is necessary to know something 
about the characteristics of the antenna. One of the multiple 
tuned antennas at the Radio Central Station of the Radio Cor- 
poration of America was used. It is located at Rocky Point, 
Long Island. For a discussion of multiple tuned antennas the 
reader is referred to articles bv E. F. W. Alexanderson and E. E. 
Bucher, in the “General Electrie Review" for October, 1920, 
and to one by Alexanderson, Reoch, and Taylor in the American 
Institute of Electrical Engineers “Proceedings” for July, 1923. 

The resistance component of the antenna impedance as 
viewed thru the feed current downlead, that is, the series resist- 
ance of the antenna, is a function of the loading in the various 
downleads. Ап experimental curve is shown in Figure 19. As 
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Бівсне 19— Resistance Characteristic of Multiple Tuned Antenna 


the frequency increases from the lowest shown in this curve the 
resistance decreases sharply at first, passes thru a flat minimum 
and begins to rise again. At the frequeney used (57 ke.) the 
multiple resistance of the antenna is approximately 0.76 ohms. 
The radiation resistance, taking account of the directive effect, 
is 0.32. The radiation efficiency is therefore about forty percent. 


$s The effective height as determined from field strength measurements 
is $5 meters. The value obtained when the directive effect is neglected is 0.41 
ohms. The radiation efficiency would thus be nearly fifty percent. As a re- 
sult of the directive effect there is a saving in total antenna power of about 
12 percent for equal signals along the axis of transmission. 
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This low antenna resistance is of itself most desirable, but it re- 
sults in a narrow resonance curve which for telephony leads to 
certain complications not encountered in the telegraph service 
for which the antenna was designed. When the antenna is tuned 
to 57 kc. the band width is 1,150 cycles. (See Figure 20.) The 
band width is here arbitrarily taken as the difference between the 
two frequencies for which the impedance of the tuned antenna 
circuit is double the minimum value. It will be seen that the 
transmission of high quality speech under such conditions pre- 
sents a difficult problem in spite of the fact that the system is 
favored by the single-sideband method. | 


AMPERES PER VOLT 


FREQUENCY 
FiGunRE 20—Antenna Input Admittance of the Antenna 
when Tuned to 57 ke. 


Figure 20 does not indicate the total antenna current but 
only that in the downlead thru which power is supplied to the 
antenna. The ratio of the former to the latter is shown in Figure 
21, curve A. The ordinate gives the sum of the six downlead 
currents divided by the feed current as measured in the station 
at M in the diagram. Between the station and the first loading 
coil there is a lead the capacity of which to earth, plus that of the 
coil itself, is of the order of 0.001 microfarad. Hence the current 
in the downlead itself is less than that in the station by an amount 
which is by no means negligible. Curve B gives the feed ratio 
referred to the feed current in the downlead beyond the loading 
coil at N. The difference in the present case is large because the 
loading inductance at M is a large fraction of the total loading 
of the first downlead. In Figure 22 are plotted the currents in 
the downleads divided by that at N. Their intersection at a fre- 
quency of about 58 kc. is the result of a proper choice of the in- 
ductances of the various downleads. The divergence above and 
below this point is due to the inductance of the flat-top. 
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FiccnE 22—Ratio of Currents іп the Various Downleads to 1, 


There are several forms in which the output circuit may be 
arranged. In addition to the conditions previously mentioned, 
convenience, ease of adjustment, and availability of apparatus 
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2 м 
should be considered in the design. А schematic of the circuit 
employed is shown in Figure 18. It consists of a capacity branch 
which provides a low impedance path for harmonics and an in- 
ductive branch, coupled inductively with the antenna circuit. 
The latter is tuned at 57 kc. Тһе primary circuit is usually 
adjusted so that at 57 kc. the phase angle of the load into which 
the amplifier works is approximately zero; that is, its power 
factor is unity. АП of the adjustments necessary in routine 
operation can be made by means of variometers and a variable 
coupling coil. 

In a single-sideband eliminated-carrier system this tuning 
frequency of 57 kc. is an upper sideband frequency corresponding 
to a 1,500-cycle audio signal applied to а 55.5 Ке. carrier. Since 
1,500 cvcles is approximately at the middle of the voice frequency 
band which it is desired to transmit, it follows that the antenna 
and output circuits when tuned to 57 kc. are in correct adjust- 
ment for the middle of the upper radio frequency sideband. 
Hence the initial electrical design considerations are centered 
about this frequency. 

Having fixed upon the type of output circuit, the electrical 
design procedure consists of two steps: first, the preliminary de- 
termination of circuit constants on the basis of a single tuning 
frequency as stated above and, second, an examination of the 
frequency impedance characteristic thruout the band for the 
purpose of modifying the constants so as to obtain the most 
practical input-response-frequency characteristic for the am- 
plifier system. 

Referring to Figure 23, let the antenna reactance, X,, be 


ANT 


FIGURE 23 


zero for the frequency /. Let Rs equal the corresponding an- 
tenna resistance and R., equal the resistance component intro- 
dueed into the inductive branch of the output circuit thru 
the coupling M. Let К» represent the total resistance of the 
output circuit alone and assume that it is lumped in the induc- 
tive leg. This assumption introduces very little error because 
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the coil losses are usually several times greater than the con- 
denser losses. The total resistance of the inductive leg is 
therefore 


R,- Rs» Rs 


Since the antenna reactance is zero, the reactance component, 
Xs, introduced into the inductive branch of the output circuit 
is also zero and X, is equal to X», where X; is the reactance of 
the inductive branch alone. In the simple case shown in Figure 
23, Xs is equal to 27 f, Г. In general the impedance, Z., of the 
output circuit as seen by the tubes has both a resistance com- 
ponent Ro апа a reactive component X.. It is apparent that if 
the tubes are to work into a pure resistance, X, must equal zero 
for the frequency f, in which case „= Re where Re is the par- 
ticular value of R, corresponding to the frequency f Тһе con- 
ditions for unity power factor are satisfied when 


Av Re 
Ё YER (1) 
— X, Re 
and X IL. (2) 


where X, is the reactance of the capacitive branch of the output 
circuit. Тһе design is started by fixing the numerical value 
of Re. The correct determination of Re requires previous experi- 
mental knowledge concerning the type of tube to be employed 
because it involves the effective internal tube resistance and the 
latter in turn is a function of the anode mode of operation. If N 
is the number of tubes connected in parallel, then R= where 
K is constant for a given application. When water-cooled tubes 
of the type already described are supplied with direct current at 
10,000 volts and are operated as single frequency amplifiers of 
the third class, 5,000 ohms is a good value for K. If transmis- 
sion occurs over & band of frequencies, then the choice of the 
value of K at the middle of the band will depend upon the way 
in which the impedance varies for higher and lower frequencies. 
If the output circuit is to prevent anode circuit harmonics from 
reaching the antenna, such currents must pass thru condenser 
Cı. The impedance of C, to the second harmonic should be of the 
order of one-fourth of the impedance offered by the output сіг- 
_ cuit to the fundamental. That is 
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35 f, R. 
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maximum. For frequencies higher than 57 ke., capacity reactance 
is added to the inductive leg of the output circuit, making the 
latter anti-resonant at the frequency of the peak, C. "The im- 
pedance at these peaks is high because the resistance introduced 
into the primary from the antenna both above and below 57 kc. 
is much lower than at the tuning frequency. 
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FREQUENCY 
FIGURE 24-1. Impedance of the output circuit as a 
function of frequency, measured values. 2. The same, 
calculated values. 3. Resonance curve of antenna 


POWER FACTOR 
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Figure 25—Power Factor of the Output Circuit. The 
middle maximum corresponds to the tuning frequency, the 
other two to points В and C of Figure 24 


Let us now see how this is related to the antenna current-fre- 
quency characteristic, assumingthat weapply aconstant voltage of 
varying frequency to the grid of the last stage. If the impedance of 
the tubes were zero, this would be equivalent to the application 
of a constant voltage equal to мес (amplification constant times 
alternating grid voltage) to the output circuit. The antenna 
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ретке 26. Effect of Tube Impedance оп the 
Пипин Characteristic at Low Amplitudes 


Пее curves for different. values of grid polarizing voltage are 
chown, The upper one is for е = —50 volts. The tube impe- 
dance is therefore lower than usual. The middle and lowest curve 
corresponds t0 100 und — 150 volts, respectively. The forma- 
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tion of a second maximum at 59 kc. may be traced. Even in the 
upper curve this tendency can be seen, but not until the tube 
impedance is that corresponding to the lowest curve does the new 
maximum become equal to the first. It will also be noted that 
the position of the original peak has apparently been shifted to 
the left. 

The characteristics which have just been discussed were taken 
at low amplitude such that the operation of the amplifier was 
probably as one of the first class. When the grid input is so large 
that the grid during a portion of the cycle assumes high positive 
values and the highest power output is obtained, the character- 
istic corresponding to the low amplitude curves does not in gen- 
eral have the same shape. This is due to the fact that under such 
conditions the tube impedance is not constant but depends on the 
alternating grid and plate potentials as well as upon their relative 
phase. This is illustrated by Figure 27 in which Curve 1 is for 
low amplitude and Curve 2 for high.* In curve 1 there are ten- 
dencies to form maxima at 56 and at 58.5 kilocycles. In passing 
to Curve 2 the tube impedance at these frequencies becomes 
much greater than at 57.4 kilocycles because of the tendency for 
the anode to assume small or negative values when the grid 
potential is positive.’ 
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Боске 27— Transmission Characteristics. 1. Low 
Amplitude. 2. High Amplitude 


‘This figure should not be compared quantitatively with others in this 
paper since it is for a different circuit adjustment. 

7 In speaking of the "impedance" of a tube operating as a third class 
amplifier, we are thinking in qualitative terms only. Tube impedance does, 
of course, have a real and useful significance for an amplifier of the first class, 
but for the third class great care must be taken lest we beguile ourselves into 
thinking that we are talking about a constant. This mistake, however, is 
often, made. 
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In Figure 28 is plotted the antenna current as a function of 
grid input, the frequency being constant at 57.2 ke. Altho this 
is not a straight line, as is desired for perfect reproduction, it is 
nevertheless а fair approximation to this up to the knee of the 
curve. This will be seen by comparison with the dotted line. 
The problem of obtaining a straight amplitude characteristic is 
one which is not met in building an ordinary telegraph trans- 
mitter. This ік because only two amplitudes are of interest, 
viz., maximum and zero, Hence, it is somewhat more diffi- 
cult in telephony to obtain the best. efficieney because the grid 
polarizing potential must be less than (һе value which, in the 
absence of alternating grid input, reduces the anode current to 
Zero. 
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FF, 
GRID INPUT БЕЛЕЕГІМЕ 


лесне 28 -Input-response Curve at Constant 
Frequenevy 


It has been mentioned that in an output cireuit such as has 
heen deseribed. the impedance at points in the transmission band 
шах be very high. This faet results in one advantage and one 
disadvantage. The advantage is the widening of the input- 
response-frequeney characteristic. This has been discussed 
above. The disadvantage results from the fact that the widening 
Is accomplished only at the expense of a diminished factor of 


‘This statement should not be taken to include a telegraph repeating 
system Which reecives and retran-mits a signal without relays, 
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satety. For with increase of output impedance there is а cor- 
responding, tho not proportional, increase in the alternating 
component of the anode potential. Тһе result is that during a 
portion of the cycle the anode becomes negative by a value which 
may be as much as one-half the voltage of the direct current 
supply. There is no danger in this, at least under ordinary cir- 
cumstances; but in the other half of the cycle, since the wave 
is symmetrical, the potential is of the order of 214 times the sup- 
ply voltage. In fact, there have been cases in which even greater 
potentials have been measured with a peak voltmeter. Hence, 
if the same factor of safety is to be maintained, a lower supply 
voltage must be employed and a decreased tube power rating 
therefore must follow. Thus in Figure 29 a case is illustrated 
in which this phenomenon takes place. Note in particular that 
at a frequency of 59.5 kc. the alternating peak is 15 percent more 
than the supply voltage. This difference may be increased by 
augmenting the grid input voltage. 
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54 55 56 37 58 59 60 KILOCYCLES 
FREQUENCY 
FiGuRE 29—Curves Illustrating the Variation in Alternating 
Anode Voltage When Working Into an Output Impedance 
Having a Characteristic Similar to That Shown in Figure 24. 
Constant Grid Input Voltage. 1. Alternating peaks. 2. 
Supply voltage as read on direct current voltmeter 


A further disadvantage in permitting the anode potential to 
assume negative values during a part of the cycle is that this ie 
usually accompanied by a sudden increase of harmonics. The 
reason, of course, is that in this interval there is no anode cur- 
rent, and the abrupt changes in current at the beginning and end 
of the period result in strong harmonics of a fairly high order. 
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The power supply at Radio Central Station is three-phase 
sixty cycles at 22,000 volts. A six-phase rectifier was employed. 
The circuit is shown in Figure 30. It will be seen that the six 
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Ғісуне 30—Schematic of Six-phase Rectifier Circuit 


phases are connected in two groups, each а three-phase star. 
The neutrals of these stars are joined by an interphase trans- 
former or reactor having a center tap from which the load is taken. 
The potential from these two neutrals to earth, besides having а 
direct voltage component, contains frequencies of 180 cycles (the 
third harmonic of 60 cycles) and integral multiples of 180. It 
is easily seen that in а symmetrical system the corresponding 
components of the two stars are equal for the even multiples and 
opposite for the odd. Since the voltage of the mid-point of the 
reactor is the average of those of the two ends, the components 
180, 540, and so on, do not appear in the output while the 360, 
720, and so on, are present with values the same as in each star. 
The resulting percentage ripple is quantitatively the same as that 
to be expected in a simple six-phase system. The even har- 
monics of 180 cycles can be reduced by the use of an inductance 
in series with the load, as shown in the diagram. 

The advantage of the interphase reactor is therefore not to 
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be sought in any marked effect on the ripple. Its usefulness re- 
sults from its action in lengthening the time when current flows 
thru the tubes. Among the advantages gained by its incorpora- 
tion in a six-phase system are the lower thermionic emission re- 
quired for a given output, less power dissipation in the anodes 
and better regulation. There are certain disadvantages, but they 
will not be discussed now. 

If the rectified output from a group of phases is made con- 
stant, as for example by suitable chokes, and if during a part of 
the cycle one of the phases carries the whole load, it is well known 
that the wave form of each phase has a flat top. Тһе statement 
that the wave form is rectangular is, however, incorrect. Ав 
is to be expected, it more closely resembles a trapezoid. In the 
oscillograms of Figure 31, we have the actual wave form of the 
potential of the filaments with respect to the anodes for a pair 
of rectifiers connected directly in parallel forming one of the six 
phases of the system shown in Figure 30. Below it is the approxi- 
mately trapezoidal current through these tubes. From the oscil- 
logram it may be found that the maximum current is slightly 
more than three times the average, as we should expect. Тһе 
flow of current lasts 0.46 cycles instead of 0.33 cycles as it would 
were the transformer and tube impedances negligible. The maxi- 
mum voltage across the tube is about 2.1 times the average, which 
also is in accordance with theory. 


FiaureE 31—Oscillogram Showing Current and Voltage for the Rectifier Tubes 
in One of the Six Phases 


The filter consists merely of a series inductance in the neutral 
and а large capacity in shunt with the load. The ripple fre- 
quencies in the output of a balanced system of ф phases are mul- 
tiples of Ф f, where f is the frequency of the power supply. Their 
approximate amplitudes are readily found from the expression? 


? A similar expression has been derived by D. C. Prince and probably by 
others who have worked with polyphase rectifiers. See this journal, October, 
1922. 
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ripple voltage — уч X average voltage. 

This expression refers to the voltage applied to the filter. It does 
not apply under some conditions of light load when the current 
in the neutral is interrupted duringa portion of thecycle. Forany 
assumed filter design the percentage of ripple applied to the load 
may thus be readily calculated. This procedure was employed in 
the design of the filter for the single-phase rectifier previously de- 
scribed and for the six-phase source which we are now considering. 
The method has been found to be of value. In the present case 
the 360-cycle ripple frequency is predominant. Its amplitude as 
applied to the filter is 5.7 percent. The filter employs an induc- 
tance of one-half henry and a capacity of three microfarads. 
With these constants the 360-cycle component is reduced to 
about 0.8 percent, while still higher frequencies are attenuated 
to values which are negligibly small for most purposes. 

The general question as to how much ripple is permissible in 
the power supply of the last stage has considerable general in- 
terest, particularly since the requirements of the ordinary system 
and those for single-sideband transmission differ so radically. 
In the former the disturbance manifests itself primarily as a con- 
tinuous note of the same frequency. Its presence is particularly 
objectionable during lulls in the modulation. In the latter system 
there is no effect in the absence of modulation, since there is then 
no radio frequency to act as a carrier. It is only during modula- 
tion that the disturbance appears, and then it is due less to the 
ripple tone itself than to components the frequencies of which 
are those of modulation plus and minus that of the ripple. It 
has been found experimentally at Rocky Point that with the six- 
phase rectifier the presence of the normal ripple in the plate sup- 
ply was not а serious matter. Calculations indicate that even 
with a four-phase system this distortion would be permissible 
for many purposes, but that one of only three phases would not 
be satisfactory without a filter. 

The second of the general requirements enumerated above 
relates to the impedance which the power source presents to the 
flow of the low frequency currents generated in the amplifier. 
It has been indicated that this consideration is of no importance 
in the case of a radio frequency amplifier of the first class, since 
for such there are no low frequency components in the anode cur- 
rent. When, however, we pass to class two and particularly to 
class three this question becomes one which must be considered, 
for unless precautions are taken, distortion may be introduced 
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and abnormal voltages тау be produced іп certain parts of the 
svstem. Since in the case of single-sideband telephony the power 
source ripple is not as troublesome as in the usual svstem, inves- 
tigation тау prove that it is best to reduce or omit certain ele- 
ments of the filter if they are such as to increase the impedance 
to load cireuit currents. In estimating this quantity in the case 
of a rectifier. we are at once confronted by the complication that 
it depends upon the load. on account of the curvature of the tube 
characteristics. and that it differs in different parts of the evcle 
of the supply current, because the number of phases carrving the 
load is not constant. However, the order of magnitude of the 
Impedance шау be ascertained. by assuming simple conditions. 
For instance. In the six-phase rectifier discussed it might be pos- 
tulated that one and only one of the phases of each delta carry 
current at a time. The tube impedance would be fixed by the 
fact that each of these phases would then carry. half of the load. 
It is desirable that this impedance be small compared with the 
resistance of the load into which the rectifier delivers power at 
all frequencies that are apt to arise in the amplifier. 

The above-mentioned impedance requirement is usually 
easier to meet in the system emploving carrier and both side- 
bands than in the single-sideband system. In the discussion of 
amplifiers of the third elass as applied to radio telephony, it was 
shown that in the ease of the former the predominant frequencies 
generated in the amplifier are those of the voice signal itself, and 
this is strictly soif the anode direct current ік proportional to the 
effective grid input. Hence. it is not far wrong to sav that large 
currents the frequencies of which are lower than those of the signal 
are not present. There is thus a fairly definite lower limit below 
which the filter impedanee may be high. On the other hand, witha 
single-sideband the low frequeney anode currents are determined 
by differences of speech frequencies and therefore the impedance 
must be low for all from zero to a frequeneyv numerically equal 
to the band width transmitted. 

Of the three general requirements stated above. the last re- 
lates to regulation. When a third class amplifier is used in the 
ordinary radio telephone system, the fluctuations іп the direct 
eurrent load due to changes in modulation are usually not very 
large. The opposite is true when the earner is eliminated, and 
therefore the decrease іп voltage which results when the load is 
inereased should be made small for obvious reasons. It is there- 
fore important іп destaning a rectifier system for this purpose to 
use tubes of low resistance. to make the transformer leakage 
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reactance as small as permissible, and to employ means which 
allow the currents in the various phases to flow for a large frac- 
tion of а cycle. It is usually desirable in the design of the trans- 
former to make the coupling between the whole of the primary 
and each half of the secondary as close as possible. 

А photograph of the six-phase rectifier unit is shown in Figure 
32. Twelve two-element tubes, two in parallel for each phase, 
are employed. Their anodes are mounted in jackets which are 
connected thru means for measuring the anode current and thru 
protective relays to earth and are hence substantially at earth 
potential. This practice has been followed in all the rectifiers 
employing water-cooled tubes on account of the simplification 
of design that results. Тһе large individual hose coils which 
would otherwise be necessary are dispensed with. Тһе jackets, 
meters and protective relays need not be mounted on high volt- 
age insulators. It becomes necessary, of course, to provide 
separate filament transformers for each phase, and insulation 
between primary and secondary must be increased to withstand 
the higher voltages. However, the problem of obtaining suitable 
air-cooled transformers is not a serious one when the direct poten- 
tial required is 15,000 volts or less. Тһе filament transformers 
are mounted directly over the rectifier tubes. А thermometer 
for measuring the outlet temperature is mounted above the glass 
window in the front of the set. Below is à board with twelve 
jacks, one corresponding to each tube. When the plug is inserted 
the corresponding anode current is read on the small ammeter at 
the right. Under these jacks are the twelve relays which afford 
protection against an excessive load in any tube. 

Above the rectifier set, Figures 14 or 32, can be seen six 
"pancake" choke coils. Their purpose is to prevent injury to the 
main transformer as а result of surges, such as might be set up 
by the failure of a rectifier tube. The six spark gaps аге in series 
with resistances consisting of short pieces of hose containing a 
dilute solution of potassium nitrate. One terminal of each gap 
is connected to the filaments of one phase. The other terminal 
is connected to earth thru the resistance and a relay. Тһе latter 
is common to the six gaps. These spark gaps and the relay are so 
adjusted as to operate when an excessive voltage surge is set up. 
The opening of the relay breaks the control circuit and shuts off 
the power. The objection may be raised that such an arrange- 
ment will result in frequent interruptions of service which might 
be avoided by the use of lightning arresters which relieve the 
surge and then open the circuit. Experience, however, has shown 
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that interruptions due to this are rare and that when they do 
occur they are usually accompanied by a disturbance elsewhere 
in the system which of itself would be sufficient to cause an 
interruption. 


FIGURE 82--5іх-рһазе Rectifier 


Figure 33 shows the three-microfarad smoothing condenser, 
capable of withstanding 17,000 volts. It is made up of about 
2,600 standard paper telephone condensers. 

In Figure 34 is shown the 300 kilovolt-ampere 22,000-volt 
power transformer. The six terminals of the three-phase primary 
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are brought out separately to permit of either delta connection 
for normal, or star for reduced potential. There are seven bush- 
ings for the secondary, one for each phase and one for the neutral. 


FicuRE 33—3-microfarad Smoothing Condenser 


OvER-ALL SYSTEM 


The complete amplifier system is shown in Figure 35. "This 
includes the power apparatus and the control circuits. Figure 
36 is an overall frequency-response characteristic for the entire 
power amplifier beginning with the input circuit of the first stage 
and ending with the total antenna current. The curve was taken 
for the condition of constant input voltage applied to the first 
stage аб the maximum signal amplitude. 

For purposes of comparison, the antenna resonance curve 
is shown dotted. It will be noted that the transmission band 
width of the antenna alone is about one-half that of the whole 
combination. This is a good example of the possibilities of band 
width improvement by properly proportioning circuits. How- 
ever, it will be recalled from the discussion of the output circuit, 
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that such expansion of band width is accomplished at the expense 
of the vacuum tube capacity. Therefore, the kilovolt-ampere 
rating for the tubes must be somewhat greater than the maxi- 
mum kilowatt output. Since the antenna systems for trans- 


Figure 34—Six-phase 300-kva. 22,000-volt Transformer 
and Filter 
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Figure 36—Over-all Transmission Characteristic. Тһе resonance 
curve of the antenna is shown in dotted lines 
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oceanic telephone stations are expensive structures, it is obvious 
that for a specified transmission band width the most economical 
system will be one in which tube replacements and power costs 
are balanced against antenna carrying charges. 

In closing, the writers wish to acknowledge the valuable 
engineering assistance of Messrs. H. R. Knettles, J. P. Schafer, 
M. E. Fultz, and E. J. Sterba, who participated in the design, 
construction, and experimental operation of the system. We are 
also indebted to Mr. C. W. Hansell, of the Radio Corporation of 
America, whose experience with high power radio plants made 
his many suggestions of great value to us during the construction 
period. We are also indebted to the operating personnel at Radio 
Central station for their excellent and whole-hearted co-operation 
thruout the work. 


Research Laboratories of the American Tele- 
phone and Telegraph Company, and Western 
Electric Company, Incorporated, New York 
City. 

June 7, 1924. 


SUMMARY: The paper describes the development of a 150-kilowatt (out- 
put) radio frequency amplifier installation built for trans-atlantic telephone 
tests. Тһе characteristics of the single-sideband eliminated-carrier method 
of transmission are discussed with particular reference to its bearing upon the 
design of the power apparatus. А classification of amplifiers is proposed іп 
which there are three types distinguished from each other by the particular 
portion of the tube characteristic used. The water-cooled tubes employed 
in these tests are briefly described, special consideration being given to their 
use in a large installation. The system is then shown in outline by means of a 
block diagram, the elements of which are subsequently discussed in greater de- 
tail. The theory, electrical design, and mechanical construction of the last 
two stages of the amplifier are outlined, including the output and antenna cir- 
cuits. Means employed to prevent spurious oscillations are described. The 
method used in increasing the transmission band width to a value much 
greater than that of the antenna is explained. The power requirements of a 
single sideband installation are outlined and a description of the six-phase 
rectifier used as a source of high potential direct current is given, together with 
a brief theoretical treatment of its operation. Circuit diagrams, photographs, 
and a number of characteristic curves are discussed. 
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RE-RADIATION FROM TUNED ANTENNA 
SYSTEMS* 


Dv 
HENRY С. FORBES 


(DEPARTMENT OF ELECTRICAL ENGINEERING, UNIVERSITY OF MINNESOTA, 
MINNEAPOLIS, MINNESOTA) 


INTRODUCTION 


A tuned receiving antenna which is in the field due to a dis- 
tant transmitting station, produces, by reaction, disturbances in 
the magnitude and direction of that field in the immediate 
vicinity of the receiving antenna. These reactions become im- 
portant in studies of re-radiation and of the effects which they 
produce upon nearby coil antennas used for direction-finding 
purposes. The following investigation was undertaken to de- 
termine the magnitude and characteristics of such reactions for 
cases of reception wherein local oscillation does not occur. The 
results have led to a rather simple method of measurement of 
the equivalent height of an antenna system. 


THEORETICAL CHARACTERISTICS 
RADIATION FORMULA 
It has been shown by J. Н. Dellinger! that the vertical com- 
ponent of the field strength at the earth's surface at any point 
due to a current flowing in a flat-top antenna is: 


Ac Al . AI 
Н- i е 1 
| ышы (1) 


where 
Н = field strength 
h=antenna height 
d=distance from antenna 
A=wave length 
fF=antenna current in vertical portion 
„= absorption. factor. 
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*Received by the Editor, December 5, 1921. 
Principles of Radio Transmission and Reception with Antenna aud Coil 
Aerials,” J. Н. Dellinger, S. P. of Bureau of Standards, Number 351, 1919. 
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Ib, Tne батты detobution in the vertical portions of both 
france ny and receiving antennas is uniform. 

Z, She flat top contributes nothing to the field at a distance 
Fran the ante nn. 
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“hy The еве ә ]nrface із non-conducting, that is, no image 
Of the antenna ge formed, 

4, Phe dietnnee from the antenna is large compared with the 
nntennn height. 

Under реве белі conditions, the current is not strictly uniform 
ген the vertical portion of the antenna, particularly in 
Мәні wove nitennns where the flat-top is small. The fact that 


* "Qunintibitive Fxperiments in Long Distance Radio Telegraphy,” L. W. 
Austin, "Bulletin Buren of Standards,” 7, October, 1911, page 315. 
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the earth is а partial conductor, and a partial image may there- 
fore be formed, tends, as pointed out by Dellinger, to offset the 
first discrepancy. It is impossible, however, to take account 
mathematically of the effects of masts, trees and buildings upon 
the radiating properties of the antenna, and these factors intro- 
duce some uncertainty into calculations. 

In practice,the fact that the current distribution is not uniform 
is taken intoaccount by assigninganeffective height tothe antenna, 
this height being defined? as the product of the maximum height 
of the antenna above the ground, and the form factor. The form 
factor is defined? as the ratio of the average value of the current 
thruout the vertical portion of the antenna to the maximum 
value of the current in that portion. Ву using the effective 
height in the radiation formulas, however, we have still disre- 
garded the effects of any nearby objects upon the field strength, 
and also the effects due to the fact the earth's surface may be a 
partial conductor and hence may form a partial image of the 
antenna. 

It seems desirable, therefore, to define a term—the equivalent 
height which may be obtained by measurement, and which will 
take into account all of the above-mentioned factors. Тһе 
equivalent height of an antenna will be defined as the height of an 
ideal antenna having a current equal to that at the base or anode 
of the actual antenna. Тһе ideal antenna is considered as а 
vertical antenna with a uniform current distribution, erected on 
a non-conducting surface with no masts or other nearby struc- 
tures. The equivalent height, which will be designated by h’, 
is then that height, which, if substituted in the above formulas 
derived for the ideal antenna, will make the observed values of 
field strength agree with the calculated values. If this height is 
determined by observation near an antenna, the field strength 
at any point may be determined by calculation if the attenuation 
due to the absorption by the earth’s surface is known. In an 
antenna system having directional properties, the observed equi- 
valent height will be different in various directions, whereas the 
effective height as defined above does not determine this prop- 
erty. The observed equivalent height may be greater than 
equal to or less than the effective height, depending upon the 
magnitude and nature of the disturbances produced by the flat- 
top, the semi-conducting earth’s surface, and by nearby absorbing 
or re-radiating structures. The difference between the equiva- 


3 THE INSTITUTE OF Клоо ENGiNEERS—"'Report of the Committee оп 
Standardization for 1922," pages 10 and 12. 
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ер” and eSective pegit in any Dar. villas tase Wl te a measure 
of "be кч cta prod еті Ly these farmers. 

These same considerations зо artiy to the receiving an- 
tenna. and it iz necessary to use "ne ерпемегт height in the 
equations for the toral induced voltage. 

Inasmuch as this divcussion сөпевтпс particulariv the field 
etrength in the immediate vicinity of the antenna. и 1 now pro- 
posed to find corrections Du the above radiation formula, equa- 
tion /1;, when the distance from the antenna m not large com- 
pared with the antenna height. 


FIELD STRENGTH NEAR AN ANTENNA 

At short di-tances from the antenna. the induction field pre- 
dominates, as previously mentioned. and so we may calculate 
the correction factor for the induction field and assume that it 
applies al-o to the radiation field without senous error. 


Case]. VEETICAL ANTENNA, UNIFORM CURRENT DISTRIBUTION 


Fictre 1—Vertical Antenna—Uniform Current Distribution 


At the point P: 
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i H- dq: VJ het? 
the correction factor then being: 
EN (5) 
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When d is large compared to h, K, becomes unity, and the 
expression for H reduces to that given for the induction field in 
equation (1). This correction is the equivalent to the form 
factor previously defined. 


CasE II. VERTICAL ANTENNA, LINEAR CURRENT DISTRIBUTION 


FictrE 2—Vertical Antenna— Linear Current Distribution 


At the point P: 


_ dcos yr dz 
quis 10(z?4- d?) 
d 
But cos Y = Jeta 
h—zr 
(= K I 
Th (> h "No 
Hence H- 10 I m mE 
Ih d — 
= w -i а 2 2 — 
or H Yos МЕД. --аз-а)| 
The correction factor is then: 
е l e 
К.- y UV Ata 0 (6) 
which reduces to 
1 
К, = 9 


as d becomes large compared with h. 
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height h^ with uniform current distribution, the currents at the 
nodes being the same in both cases. Assume this antenna to be 
situated in the field from a transmitting antenna which is at such 
а distance that the field is substantially uniform in magnitude 
and direction in the immediate vicinity of the receiving antenna. 
Let H be the effective value of this field. Over a small area in 
the vicinity of the receiving antenna, H may be represented by 
а vector the direction of which is at right angles to the line point- 
ing to the transmitting antenna (Figure 4). 

This field will induce а current in the receiving antenna 
(equation (3)): 


/ 
I,- 3x10 H x107* (10) 


Tuned Antenna 


Не (re-reduted) 


Resultant Fieta 


Бөл 


Figure 4—Field Distortion Due to Re-radiation 


where h,’ is the equivalent height of the receiving antenna. Due 
to the current flowing in the vertical wires, the receiving antenna 
then becomes a miniature transmitting antenna, and а secondary 
or re-radiated field will be set up about it. Тһе vertical com- 
ponent of this field at the earth’s surface, and at a distance д from 
the receiving antenna will be, by equation (1): 

Izh l, h I, 

н,- |5 109 1710 Mr (11) 
the induction field predominating at points near to the antenna. 
The absorption factor is of course unimportant for this case. 
The correction factor, K,, used for proximity to the antenna is 
that for a vertical antenna with uniform current distribution, 
equation (5). 
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The resultant field strength at anv point near to the receiving 
antenna will be a combination of the direct field. H with the re- 
radiated field. H.. with proper regard to the time апа space 
phase relations of the two components. For points within the 
distance 4 8 of the receiving antenna. the two components will 
be closely in time phase with each other. and we тау therefore 
make the simple space vector combination shown in Figure 4. 

If this procedure is carried thru for a number of points in the 
Immediate vicinity of the antenna. the resultant field is as shown 
in Figure 5. which has been calculated for the values shown. 
This distortion is similar to that produced in à uniform unvary- 
ing field by a wire carrving a direct current.4 
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FIGUHE А--( Тете Fiel? Distortion Near a Tuned Receiving Antenna 


Гог points at greater distances from the receiving antenna, 
the phase relations due to time must be considered. The mathe- 
matical expression for the resultant field under such conditions 
will not be attempted here; but it mav be pointed out that at 
a distance of № from the receiving antenna and between it and 
the transmitting antenna. the field component due to re-radiation 


+ Sec gMlustration, Figure ХУП. in СА Treatise on Electricity and Mag- 
netism, James Clerk Maxwell Oxford, Clarendon Press; 1994. Volume II, 
Ard Edition. 
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will be 90? out of phase with that due to the direct field. At 
right angles to the line of direction to the transmitting station, 
the components are 90? out of phase at a distance of 2/4 from the 
receiving antenna. On the side of the antenna opposite to the 
transmitting antenna, the two components are always in time 
phase with one another. Тһе locus of the points of equal time- 
phase displacements for this case is a parabola, with its focus at 
the receiving antenna, and its major axis the line of direction to 
the transmitting antenna. 


CHARACTERISTICS OF FIELD NEAR A TUNED RECEIVING ANTENNA 


Observation of Figure 5, calculated for an ideal antenna of 
the constants indicated, and for distances within //4 from the 
receiving antenna, leads to several interesting facts. It is seen 
that in “front” of the antenna the field strength is considerably 
reinforced, due to the re-radiated component. To the "rear" of 
the antenna, and close by, the field is entirely due to the re- 
radiated component, and is therefore opposite in direction to 
the direct field. As the distance from the antenna in this direc- 
tion increases, the field intensity passes thru a zero value, and 
becomes larger in the original direction, always, however, re- 
maining less in magnitude than the original value of the direct 
field. At all other positions relative to the antenna, the resultant 
field is displaced at an angle to the direct field, and in general has 
a magnitude different from the original field. 

Directly in the “rear” of a tuned receiving antenna we should 
then expect to find а position of zero field intensity, or ‘‘dead- 
spot” for the transmitting station to which the receiving antenna 
is tuned. 


COMPARISON WITH BUREAU OF STANDARDS TESTS ON WasH- 
INGTON MONUMENT 


The Bureau of Standards have published’ the results of tests 
made to determine the distortion produced by the Washington 
Monument in Washington, D. C., upon the field from a distant 
transmitting station. Maximum distortion was found to exist 
at a wave length of 800 meters, and it was assumed that this was 
the natural wave length of the monument considered as an 
antenna. The resultant field at 625 meters was also plotted and 
is herewith reproduced in Figure 6. It is very similar in general 
appearance to that calculated above, Figure 5. All distances 

“Тһе Radio Direction Finder and Its Application to Navigation," Е. A. 
Kolster and F. W. Dunmore, 5. P. of Bureau of Standards, number 428, page 


550, 1922. 
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shown in Figure 6 are within the distance 4/4 from the monu- 


ment. 

It should be noted that position number 6, directly to the 
"rear" of the monument is marked "dead." This is then the 
approximate position of the ‘‘dead-spot”’ noted above, and shown 


in Figure 5. 


To TRANSMITTING STATION 
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Figure 6—Field Distortion Caused by Washington Monument 


(From 8. P. Number 428: “Тһе Radio Direction Finder and Its Application 
to Navigation," Bureau of Standards) 


DISTORTION NEAR UNIVERSITY ANTENNA 

A series of observations similar to those made by the Bureau 
of Standards were taken in the immediate vicinity of the antenna 
at the University of Minnesota. A small coil aerial of six turns 
on a form one meter square was mounted on a surveyor’s transit, 
Figure 7, and observations were made on the apparent direction 
of a local broadcast station both with and without the receiving 
antenna being tuned. The broadcasting station (WLAG) is about 
two and one-half miles (4 km.) distant, and the field was there- 
fore substantially uniform over the region investigated. The 
results of the measurements are shown in Table 1, which gives 
the observed directions together with the signal audibility before 
and after tuning the antenna to resonance. The angle of distor- 
tion and the audibility ratio are also given. Figure 8 shows the 
observed field distortion for the points taken, and the results are 


372 


uu G ууч 
% Е. д: 
* "t wp 


seen to be similar to those given in previous illustrations. The 
audibility measurements, while only very rough indications, show 
that the audibility is quite substantially increased in the direc- 
tion of the broadcast station, and is reduced on the opposite side. 
The general position of the dead-spot is indicated. The presence 
of alternating current power wires prevented the taking of obser- 
vations on the north side of the antenna. 
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Ғісовв 8—Field Distortion Due to Tuned Antenna at University 
of Minnesota 


APPLICATION OF CHARACTERISTICS OF DISTORTED FIELD TO 
PRACTICAL USES 


ELIMINATION OF INTERFERENCE 


It is possible to utilize the ‘‘dead-spot’’ associated with a 
tuned receiving antenna for the purpose of eliminating interfer- 
ence from a powerful local station when it is desired to receive 
a distant station operating exactly on or near to the same wave 
length. The antenna is tuned to the interfering station and a 
coil antenna, or other antenna of small dimensions, is located 
in the resulting dead-spot, and used in the reception of the dis- 
tant signal. Allstations in the direction of the interfering station 
and operating on or near the same wave length are shielded from 
the coil antenna. Used in this manner, the antenna is merely a 
device for providing shielding for signals of one wave length and 
from one direction. 


LOCATION OF COIL ANTENNAS For DIRECTION FINDING PURPOSES 


The angle of deviation of the resultant field from the direct 
field has been shown to be the greatest in a direction approximately 
at right angles to the direction of the transmitting station. In 
locating coil antennas for direction finding purposes, this fact 
should be considered. If necessary to determine the direction 
of a station from a position near a large structure which is likely : 
to produce distortion thru re-radiation, the direction-finder 
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should be placed directly between the structure and the trans- 
mitting station, as determined by repeated observation, re- 
locating the position of the coil aerial after each observation. 


BROADENING OF MINIMUM SIGNAL POSITION OF CoIL ANTENNA 


When using a coil antenna near a re-radiating structure, the 
re-radiated field component will not, in general, be in time phase 
with the direct field. In observing directions at a distance from 
the structure such that the re-radiated component is neither 
exactly in phase nor 180° out of phase with the direct field com- 
ponent, no zero position will be obtained because both field com- 
ponents will not pass thru the zero value at the same instant of 
time. The re-radiated field component will generally be small 
compared to the direct component, however, so that the only 
effect produced will be a broadening of the minimum signal 
position similar to that produced by the "antenna effect.’’® 


TRANSMISSION WITHOUT LOCAL SOURCE OF POWER 

The fact that the receiving antenna becomes a miniature 
transmitter when tuned to resonance with a distant transmitting 
station, led to a test to determine how far from the receiving 
antenna these re-radiated effects might be observed. It has been 
determined that a local broadcast station (WLAG) produced a 
total voltage of about 0.50 volts in the antenna at the University 
of Minnesota. When this antenna was tuned to resonance with 
this station, its total resistance was about eleven ohms, and the 
current was therefore about forty-five muilli-amperes. АП in- 
terrupter and a telegraph key were also included in the antenna 
circuit, and the interrupter was arranged to break the circuit at 
an audio frequency. When using a coil antenna and a crystal 
detector, the re-radiated signals from this antenna were clearly 
readable thru the modulation of the broadcast station up to a 
distance of about one-half mile (0.8 km.). When no modulation 
was taking place, it was possible to transmit readable signals 
a distance of three miles (4.8 km.) to a non-regenerative receiver 
connected to a small indoor antenna, in the direction indicated 
in Figure 9. This transmission used no power except that re- 
ceived from the broadcast station 2.7 miles (4.3 km.) distant. 
By inserting a carbon microphone directly in series with the tun- 
ing inductance in the receiving antenna, speech was successfully 
transmitted a distance of 1.3 miles (2 km.), as is also shown in 

645. P. Bureau of Standards, number 354,” J. H. Dellinger, 1919, page 


487. “S. P. of Bureau of Standards, number 4285," Kolster and Dunmore, 
1922, page 541. 
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Figure 9. Тһе signals from the interrupter were also clearly 
audible at this distance. 

The possibilities of development of this system for short range 
work where simplicity of apparatus is essential are apparent. 
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Figure 9— Transmission Without Local Power by Re-radiation 


MEASUREMENT OF EQUIVALENT HEIGHT OF AN ANTENNA 


Referring again to Figure 4 and recapitulating, consider a 
tuned antenna in the field of a distant transmitting station. 
Let the field intensity near the tuned antenna due to this trans- 
mitting antenna be designated by H. The current flowing in the 
vertical portion of the tuned antenna due to the voltage induced 
therein by the field H, will be, as above: 


I,- 3x10 H x 1075 (10) 


where À', is the equivalent height of the antenna. Тһе tuned 
antenna then becomes а miniature transmitting antenna, pro- 
ducing a re-radiated field, the vertical component of which, on 
the earth's surface and at a distance à from the antenna, may be 


expressed: 
2zh 1, h; I, 
mt 210477 rds an 
0 
where Sot (5) 


The magnitude of this re-radiated field is: 
h,’ І, D 
i 104/h,24- 3? Ur (12) 
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which, by substitution of equation (10) becomes: 


ЗО ^,^? pets oq 
2 4. Н 13 
ык potus (13) 


29 

Assuming that ò is sufficiently small so that the two сот: 
ponents are practically in time phase with each other, we may 
write, by geometry from Figure 4, the following expression 
relating H and П,„: 


Н, 


sind | 
zi sin($ó— 0) ay 
Substituting (14) in (13), we have: 
smn 30h,” pet 7-2) 


Е ЖЕЛЕ ie 15 
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which is an expression relating A, with the distance 2, the wave 
length 2, the total antenna resistance K, and the angles ф and #. 
A rather simple method of determing the equivalent height of 
any antenna thus arises. 

The above expression, equation (15), eannot be solved ex- 
рие for h,” in simple form, but since A," enters the factor 
VJ h,*-- 0? as a correction, its value may be estimated and a pre- 
liminary solution made. A second. calculation using the new 
value is generally sufficient to determine A, within the accuracy 
of the method. 

"Solving, then: 


| HR sin Ө ШЕ 

h,-0.8204! ^ ub. ^] 16 

| "IN sinto — th л с ( ) 
\ /- 07 


the value of A," on the right-hand side to be estimated as a first 
approximation. Any one set of units may be used for all lengths. 

Equation (16) permits the measurement of the equivalent 
height of any antenna, by noting the apparent change in direction 
of a distant transmitting station as observed by a соп aerial near 
the antenna to be measured, as the antenna to be measured 15 
tuned to resonance with the distant transmitting station. The 
other faetors required for the determination ire the distance of 
the coil aerial from the antenna to be measured, the wave length, 
the total antenna resistance, and the angles @ and // of Figure 4. 

In order that an angle @# may exist, it is necessary that the 
angle @ be made different from O° or 180°. In order that 0 may 
be large, the angle @ should be near 9075, and preferably somewhat 
larger than this value. If @ is made 90° for the determination, 

sin dl 


the faetor of equation (16) becomes tan and we have, 
sini — th 


а 


if $=90°: 


| | h'?+ 0? 
һ,! 20.1826 /RtanÓ. |4z? 1 (17) 
got 33 


Any transmitting station may be used as а source for the 
measurement, and the results are independent of the character- 
istics and distance of the transmitting station, provided the dis- 
tance is sufficiently great so that the field is uniform near the 
antenna to be measured. Тһе coil antenna may be located up 
to a distance of somewhat less than 2/4 from the vertical portion 
of the antenna to be measured, at approximately right angles 
to the direction of the transmitting station relative to the antenna. 

If necessary to determine the equivalent height for various 
directions from the antenna, the use of more than one trans- 
mitting station may be necessary. Тһе equivalent height thus 
determined is that for the particular wave length used. 

It should be noted that this measurement does not take into 
account the effect of the current in the antenna flat-top upon the 
field strength at the point in question. Any such effect, altho 
usually small, will be credited to the lead-in by using this method 
of measurement, and will cause an apparent increase or decrease 
in the apparent equivalent height according as this effect adds 
to or subtracts from the field component due to the vertical 
portion. If observations are made at increasing distances from 
the antenna, the observed values of equivalent height will either 
increase or decrease slightly with distance, and asymptotically 
approach the true value due to the current in the vertical portion 
alone, since at great distances there will be no vertical field com- 
ponent due to the current in a horizontal wire. 

This method is more particularly applicable to measurements 
of the equivalent height of antennas of symmetrical and definite 
characteristics, such as the vertical types, the inverted L and the 
T. Antennas which do not have a strictly defined vertical por- 
tion are difficult to measure because of the uncertainty of the 
determination of the distance of the coil antenna from the vertical 
portion. 

In order to secure accuracy in the measurement, the angle 0 
should be of the order of 10?. Smaller values are difficult to 
measure accurately, and with larger values the value of the func- 


tion is changing rapidly. Тһе distance д should be 


_ sin fl _ 
sin($ — 0) 
as large as possible consistent with remaining within the region 
wherein the direct and re-radiated field components are sub- 
379 


stantially in time phase. This means that the angle $ should 
preferablv be somewhat greater than 907, sav in the neighborhood 
of 1107. The total antenna resistance, R, must include the re- 
sistance of the tuning devise. 

While not a particularly admirable method of measurement, 
largely because of the necessity for making the observations so 
close to the antenna, it is quite practical for approximate results. 
[t may be noted that the accuraey of the calculation is quite good. 
due to the faet that the equivalent height enters into the equa- 
tion twice. once as a receiving factor, and again as а re-trans- 
mitting factor. Апу errors in the measurement of R. 9, $ or à 
then show only approximately as the square root in the resulting 
values of equivalent height. 


APPLICATION OF METHOD 

This method of measurement of equivalent height has been 
applied to the data of Table 1 and Figure 5. which was obtained 
near to the antenna at the University of Minnesota. From the 
data for position M. which is closely at right angles to the antenna 
relative to the direction of the transmitting station, and is at a 
distanee of 170 feet 51.5 meters. from the lead-in. we find bv 
equation 17 


hg M = 16.7 Meters = DAN feet. 


From the data of position K. where о = 263 feet NO.2 meters! and 
O='") , 

hice ‚ = 15.0 meters = 49.2 feet, 
‘Similarly at position Д. where 02217 feet 06.2 meters) and 
Ф= 114. we have by equation 15 
E . = [5.0 meters 2 51.2 feet. 
The true equivaient height. for this wave length. and for this 
dareetion 18 probably about 40 reer 12500 meter 20 Position М 
Was entire yw eut eff trom the antenna Бу the buibling shown in 
burire Мо апд at pesition A өшу the Төр of the antenna was 


(current Measurements Dou coal aerial near to this antenna, 
the radiation Tornanas of the early part of this 


ЖО Ce > Ne A ене height: 
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It is int mung te nete that the appDueatien ef this equation 


to the data given in Figure 6 of the Bureau of Standards' obser- 
vations near Washington Monument, give the following values 
for the equivalent height of that structure: 


Position number 9 | 
h,' = 13.54/ R meters 
= 44.34/ В feet 
Position number 13 : 
h,’ —16.24/ R meters 
= 53.04// R feet 
Position number 14 g 
h,' =14.2V R meters 
— 46.54/ R feet ” 

Pierce's Tables’ give the radiation resistance of a vertical an- 
tenna at the fundamental wave length as 36.6 ohms. Considering 
that the wave length of 625 meters is about 20 percent off reson- 
ance, а total impedance of the order of 50 ohms seems probable 
for this structure. If this value be assumed, the numerical val- 
ues of the equivalent height determined above become: 

Position number 9 
h,' = 313 feet 
Position number 13 
, =374 feet 
Position number 14 
h,’ = 328 feet 
Average = 338 feet 


The other observations cannot be used because of the dis- 
turbance produced by the underground cable. Since the total 
height is 532 feet, the form factor is 0.635 by this determination, 
which is rather too close to the theoretical value for a vertical 
antenna with sinusoidal current distribution, 2/7 (0.637), to be 
entirely convincing. At any rate, the equivalent height of this 
structure is apparently closely equal to the effective height, a 
fact that would be expected, due to the absence of a flat-top and 
any nearby structure. 
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SUMMARY: This paper considers Dellinger's treatment of the radiation from 
antenna systems, and applies correction factors thereto for the field strength 
near to the antenna. The term "equivalent height” is suggested and is differ- 
entiated from effective height. The expressions are then applied to the case 
of a tuned receiving antenna to determine the distortion produced іп the field 
of a distant transmitter by re-radiation from the receiving antenna. The cal- 
culated results are then compared with the field distortion found by the Bureau 
of Standards near the Washington Monument, and also with measurements 
made near a typical antenna. Тһе distorted field is found to have practical 
application as a means of eliminating interference; in short distance transmis- 
sion without a local source of power; and in providing a means of measure- 
ment of the equivalent height of an antenna system. 


NOMENCLATURE 


'The following nomenclature has been used in this paper: 
Н = Field intensity due to a transmitting antenna. 
Н,= Field intensity due to a re-radiating antenna. 
h= Maximum height of an antenna. 
h,= Maximum height of a receiving antenna. 
h' = Equivalent height of an antenna. 
h,' = Equivalent height of a receiving antenna. 
х = Height to a differential element in vertical portion of an 
antenna. 
y = Vertical angle of differential element above ground as 
observed at a distance d. 
I = Maximum current in vertical portion of antenna. 
І,- Maximum current in vertical portion of a receiving an- 
tenna. 
1 — Current at height z in vertical portion of an antenna. 
d = Distance from vertical portion of an antenna. 
à = Distance from vertical portion of a re-radiating antenna. 
E = Total induced voltage in a receiving antenna. 
К = Total effective resistance of a receiving antenna. 
b = Length of antenna flat-top. 
К, = Distance correction factor, vertical antenna, uniform cur- 
rent distribution. 
К, = Distance correction factor, vertical antenna, linear cur- 
rent distribution. 
K;- Distance correction factor, flat-top antenna, linear current 
distribution. 
c = Velocity of propagation of field from antenna. 
0) = Angle of distortion of field due to re-radiation. 
9 = Direction angle of observer relative to distant transmit- 
ting antenna. 
a= Absorption factor. 
e= Constant, 2.718.. 
TEN – | 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHON Y* 
IssuED Marcu 3, 1925—APRIL 28, 1925 
By 
Јонҹ B. BRADY 


(PATENT LAWYER, Ouray BUILDING, WASHINGTON, D. С.) 


1,520,129—E. H. Loftin and H. H. Lyon, filed April 5, 1920, 
issued March 17, 1925. 


yrs < 


NUMBER 1,520,129—Radio Signaling System 


RaDIo SIGNALING SYSTEM utilizing low extended antennas. 
The optimum length of the low horizontal antenna is described 
as being of the order of one-tenth the wave length of an operating 
signal and adjusted in resonance with the signaling wave. Тһе 
invention is described with reference to underground and under- 


water antenna systems. 


1,520,452—C. E. Willey, filed August 28, 1922, issued March 17, 
1925. 

Клоо DETECTOR of the cat-whisker crystal variety wherein 
a crystal holder is provided consisting of a cylindrical container 
adapted to receive a plug of soft metal in which a crystal is im- 
bedded. The cylindrical container is open at both ends and fits 
over the head of a correspondingly shaped nut. In this manner, 
the crystal container is frictionally secured in position. 

*Received by the Editor, May 12, 1925. 
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1,528,010—С. S. Demarest апа M. L. Almquist, filed December 
31, 1923, issued March 3, 1925. Assigned to American Теіс- 
phone and Telegraph Company, New York. 


NUMBER 1,525,010—Radio Signaling Svstem 


RADIO SIGNALING SYSTEM combining the advantages of line 
wire radio communication. Separate receiving circuits are pro- 
vided for the reception of speech-modulated and signal-modu- 
lated carrier currents. Тһе arrangement of the receiving cir- 
cuits is such that a large amplification of the particular detected 
frequency or range of frequencies, which it is intended to secure 
may be received. The patent deseribes a terminal circuit which 
may be conneeted to a transmitting or receiving antenna with 
either speech currents or telegraph signaling currents. The 
switching means is actuated by signaling currents transmitted 
over the line for connecting the modulating circuit in desired 
relation to the antenna svstem and control circuits. 


1.536.039—-J. T. Bradley, filed April 3, 1923, issued April 28, 
1925. 

"UNO-CaAPACITY CONTROL” FOR CONDENSERS, іп which the 
condenser plates may be moved for coarse adjustment and then 
moved for finer adjustment by means of gearing contained within 
the control knob secured to the condenser shaft. 


1.528,011—€C'. N. Demarest and M. L. Almquist, filed December 
ЗІ, 1923, issued March 3, 1925. Assigned. to American 
Telephone and Telegraph Company, New York. 
RADIO SIGNALING System for slectivity signaling a particular 
station in a group of radio stations. In order that each station 
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of the system may be able to maintain telephone or telegraph 
communication with every other station and a particular station 
to the exclusion of other stations, & band of frequencies is em- 
ployed in the system. Each receiving station includes a detector 
which is во tuned that it will almost oscillate when the frequencies 
of one of the bands are applied to the detector. Тһе receiving 
circuits are thereby operated selectively, enabling the several 
stations in the system to communicate without interference. 


1,528,032—S. А. Staege, filed January 14, 1921, issued March 3, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company, Pennsylvania. 


23. 
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NuMBER 1,528,032—Selective Signaling System 


SELECTIVE SIGNALING SYSTEM, in which the carrier wave 
frequency of a transmitting station is caused to vary thru a pre- 
determined cycle within certain limits, while the tuning of the 
receiving station passes thru the same cycle of variation in fre- 
quency. This is accomplished by means of a clock mechanism 
at both the transmitting and receiving station by which a vari- 
able condenser is cyclically moved simultaneously. The fre- 
quency at both the transmitting and receiving station may in 
this manner be uniformly controlled. 
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1,528,047—Frank Conrad, filed March 15, 1922, issued March 3, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 


NUMBER 1,528,047 —Radio Telephone System 


Rapiro TELEPHONE бүвтем having a modulating system par- 
ticularly adapted for high power operation. The modulation 
system employs a thermionic tube which is so associated with 
energy-absorbing circuits that only relatively small amounts of 
energy are dissipated in the modulator tube itself, the larger por- 
tion thereof being dissipated in the absorbing circuit. A pair of 
parallel connected valves are arranged in the transmitting cir- 
cult and modifications of the frequency of the impressed radio 
frequency currents cause opposite variations in the power ab- 
sorbed by the respective circuits. 


1,528,054—I. B. Harris, Wm. L. Harris, and E. B. Harris, filed 
March 24, 1922, issued March 3, 1925. 

RECTIFIER tube having a plurality of independent cathodes 
anyone of which may be used in the event that another of the 
cathodes is destroyed. In this way the life of the rectifier bulb 
is increased, inasmuch as when one filament is destroyed another 
may be used. A form of connection for the separate cathodes 
is used in which a contact tap may be removed from the base of 
the tube to expose an auxiliary contact connected with another 
of the cathodes. 


1,528,735—F. S. McCullough, filed June 2, 1924, issued March 3, 
1925. 
THERMIONIC-TUBE CONSTRUCTION, in which a radio frequency 
transformer is directly mounted within the tube adjacent the 
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tube electrodes. Тһе transformer has a pair of inductively- 
coupled coils which have their terminals connected thru extremely 
short leads with the electrodes of the tube. 


1,529,065—J. H. Hammond, Jr., filed December 11, 1916, issued 
March 10, 1925. 


NUMBER 1,529,065—System of Radio Control 


SYSTEM OF Rapiro ConTROL of submarine vessels and other 
movable bodies. А combined electromagnetic wave reception 
system and sound wave transmission system is illustrated, 
whereby received radio signals are caused to actuate a submarine 
compression wave sound transmission system for transmitting 
energy under water for control of sound receiving devices on 
board the submarine vessel. 


1,529,096—H. C. Tucker, filed October 5, 1922, issued March 
10, 1925. 

ELECTRICAL CONTROL INSTRUMENT, wherein a rotatable shaft 
is journaled with respect to a panel by means of a sleeve which is 
directly supported by the panel and forms a hub thru which the 
rotatable shaft may be passed. The invention is shown in con- 
nection with a variable electrical condenser, altho the claims set 
forth in the invention are generally applicable to various rotary 
instruments. 


1,529,455—F. К. Vreeland, filed May 3, 1920, issued March 10, 
1925. 


ELECTRICAL OSCILLATOR for securing purity of wave form іп 
an oscillating circuit having inductance and capacity reactances 
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which are large with respect to the other impedances of the system 
with which it is associated. Тһе specific means for securing this 
result includes а step-up coupling of the system including the 
power circuit to the oscillating circuit. 


1,529,597—I. Langmuir, filed August 11, 1921, issued March 10’ 
1925. Assigned to General Electric Company, New York. 
ELECTRON-EMITTING DEVICE AND METHOD OF PREPARATION 
of electron-emitting cathodes of the thoriated type, containing 
an amount of carbon sufficient to render the cathode less sensi- 
tive to the deleterious effect of gases than a cathode body unpro- 
vided with carbon. The specification describes a cathode which 
contains less than 3 percent by weight of carbon. 


1,529,626— Е. Y. Robinson, filed March 21, 1924, issued March 
10, 1925. 

Хасссм ELECTRIC Теве for high powered operation, where 
the plate is sealed to the glass envelope and closes the lower por- 
tion of the envelope for the cireulation of a cooling fluid around 
the depending metallic portion. The patent describes a method 
of removing gases and vapors from the metallic portion of the 
tube which consists in heating the metallie portion while protect- 
ing the zone at which the metallie portion is sealed to the glass 
envelope. 


1.530.169—-W. F. Grimes, filed June 7, 1923, issued March 10. 
1925. 


NUMBER 1,530,109 Radio Signaling System 


BNN 


RADIO SIGNALING SvsTEM, in which the signaling frequency 
of a transmitting station may be maintained constant. The an- 
tenna circuit of the transmitter is coupled with a pair of balanced 
cireuits which at normal frequency remain in balanced condition. 
In the event that the frequency of the transmitter shifts, the con- 
trol circuits become operative to adjust the antenna circuit to 
the normal frequency. 


1,530,498—B. W. Kendall, filed November 20, 1917, issued 
March 24, 1925. Assigned to Western Electric Company, 
Incorporated, New York. 


SYNTHESIS OF COMPOUND ToNES BY VACUUM TUBE OscIL- 
LATORS, by which various tones over the musical scale may be 
produced by electron tube circuits. A complex wave is generated 
which includes a plurality of different frequencies components 
which may be selected to produce desired oscillations of particular 
frequencies. The different frequencies may be utilized for the 
reproduction of audio notes of desired pitch and timbre. 


1,530,660—W. F. Friedman, filed July 26, 1922, issued March 
24, 1925. 
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NUMBER 1,530,660—PniNTING TELEGRAPH SYSTEM 


PRINTING TELEGRAPH ЅүѕтЕМ for effecting simultaneous 
transmission and reception of a plurality of code signal impulses 
representing the individual elements of the message characters 
that are to be transmitted. The object of the invention is to re- 
duce the time necessary for the transmission of printed messages 
by telegraph. A set of generators of radio frequency oscillations 
at different radio frequencies are provided. А single modulation 
frequency is employed for telegraphically modulating the oscilla- 
tions. A set of make and break keys are arranged to control the 
modulating or non-modulating of the oscillations. The keys are 
operated simultaneously and permutatively to correspond to the 
permutations of a plural unit signaling code representing message 
characters. At the receiving station sets of receiving instru- 
ments are arranged to isolate the respective oscillations, detect 
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the same. and control relay circuits which are operated permuta- 


уе у to actuate a printing mechanism repnedueing the trans- 
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1 AG 066——J. H. Hammond. Jr.. fled Ovctoer 31. 1917. issued 
Marck 24. 1925. 
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the present invention the constants of the tube can be read 
directly from dials which operate the different parts of the test- 
ing apparatus. Ап adjustable balancing resistance 15 рго- 
vided connected in circuit with the electron tube tested. Тһе 
resistance is calibrated in terms of the impedance of the space 
discharge path between two of the electrodes of the tube. When 
proper readings are obtained on meters in the tube circuits the 
tube constants may be determined from the dial settings. 
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NUMBER 1,530,988— TEsTING Улсосм TUBES 


1,531,029—F. M. Ryan, filed August 24, 1921, issued March 24, 
1925. Assigned to Western Electrie Company. 

Rapio TRANSMISSION SYSTEM arranged to co-operate with a 
carrier-wave receiving system which has a closed energy receiving 
circuit or loop connected to the receiving apparatus with a eir- 
cuit interposed between the receiving apparatus and the loop 
which has inductive reactance at desired frequencies functioning 
to exclude energy of undesired frequency from the receiving cir- 
cuit. In this manner the transmission svstem may be operated 
in close proximity to the reeeiving svstem without interference 
therebetween. 


1,531,278—G. H. Clark, filed February 16, 1921, issued March 
31, 1925. Assigned to Radio Corporation of America. 
CONTROLLER for OSCILLATION GENERATORS ОЁ the are type 

in which the striking of the are may be controlled by an operator 
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at the transmitting station. The hydrogen gas supply to the аге 
i^ mechanically controlled before the arc is «truck. А mechan- 
ical and electrical етеш. arrangement is shown whereby tbe 
liquid which supplies the hydrogen раз in the are chamber is 
first supplied to the chamber before the are is struck. 


531,633 -H. J. Vennes, filed December 22. 1920. issued March 
31, 1925. Assigned to Western Electrie Company. 

OSCILLATION GENERATOR having a circuit for production of 
currents of more than one frequency which are independent of 
one another. A plurality of tuned circuits are provided which 
are coupled with the oscillating current path. The tuned cir- 
enits may have the periodicity of апу one of them adjusted. while 
the periodicities of any of the others of the tuned circuits may be 
maintained constant. 


1,531,801 - D. б. McCaa, filed Мау 2, 1922, issued March 31, 
1925. 
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NUMBER Py anne е System 


SIGNALING RYSTEM designed to eliminate the effects of static, 
"Ernys, and electrical atmospheric disturbances. The invention 
ін based on the principle that the telegraph signaling currents 
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have & characteristic note of tone whereas stray currents differ 
substantially from the audio frequency note of the signal. A 
mechanical vibratory system is provided at the receiving station 
which may be set into operation by the periodic signal resisting 
current. The vibration of the mechanical system will independ- 
ently generate the signaling energy which is finally observed free 
and clear of the effects of static disturbances. 


1,531,805—R. C. Mathes, filed July 10, 1920, issued March 31, 
1925. Assigned to Western Electric Company. 


OscILLATION GENERATOR having a regenerative feedback 
circuit which is not subject to the reaction of impedance of the 
output circuit. "The object of the circuit arrangement is to pro- 
duce a purer final wave form or more constant frequency than 
is produced in the usual electron tube oscillatory circuit. Тһе 
tube of the present invention has a plurality of space discharge 
paths of different impedances and energy is supplied thru one 
path to control the regenerative operation of the circuit while 
load current is supplied thru the other path. 


1,532,336—W. H. Nottage and T. D. Parkin. Filed December 
18, 1920, issued April 7, 1925. Assigned to Radio Corpora- 
tion of America. 


Rapio TELEGRAPH CALLING DEvIcE, in which a balance 
wheel is provided at a receiving station which has a natural oscil- 
lation equal to the interval between successive transmitted im- 
pulses so that tho the relay may be unaffected by ordinary sig- 
nals, yet when a train of impulses at predetermined intervals is 
incident upon the receiver the oscillations of the relay are in- 
creased by the impulses sufficiently to enable it to actuate a bell 
or other signal or operate an electric corcuit for the control of 
apparatus. 


1,532,356—R. A. Weagant, filed February 7, 1919, issued April 
7, 1925. Assigned to Radio Corporation of America. 


Rapio SIGNALING SYSTEM for minimizing the effects of static 
interference in radio reception. An antenna system is provided 
by which signaling energy and static energy may be received 
simultaneously from different directions with respect to the 
horizontal plane. The currents due to the static energy are bal- 
anced out in the receiving circuit while the currents due to the 
signaling energy are retained and amplified. 
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1,532,364—O. А. Berman, filed October 2, 1922, issued April 7, 
1925. 


MANUFACTURE OF CONDENSERS, in which the condenser ele- 
ments are constructed of conductive plates which may be moved 
positively towards or from an adjacent dielectric plate in an axial 
direction. А movable plate is mounted upon a screw-threading 
member which is adjusted in screw threads which pass thru an 
adjacent dielectric plate which separates the movable plate from 
the conductive plate. 


1,532,367—R. А. Weagant, filed February 7, 1919, issued April 
7, 1925. Assigned to Radio Corporation of America. 


NUMBER 1,532,367— Method and Apparatus for Radio Signaling 


METHOD AND APPARATUS FOR RADIO SIGNALING for reducing 
the effect of static disturbances. An antenna system comprising 
pairs of collectors is provided in which static energy may be suc- 
cessively received while signaling energy is simultaneously re- 
ecived from substantially the same general direction. The rela- 
tive differences of phase between the resulting currents is utilized 
to select the desired current. 
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1,532,388—H. M. Dowsett, filed August 16, 1921, issued April 7, 
1925. Assigned to Radio Corporation of America. 


Rapiro TELEGRAPH APPARATUS FOR AIRPLANES, consisting of 
an antenna system for aircraft where the bracing wires are lo- 
cated within the frame of the aircfaft and connected together 
and used as part of the radio signaling system. 


1,532,523—F. Weinberg, filed August 11, 1923, issued April 7, 
1925. 

DETECTOR of the crystal type in which a pair of crystals are 
provided in vertical alignment with means for resiliently placing 
one crystal in contact with another. А threaded sleeve is pro- 
vided upon the end of which is secured a crystal holder for main- 
taining the movable crystal in contact with the fixed crystal. 


1,532,533—James E. Harris, filed December 16, 1919, issued 
April 7, 1925. Assigned to Western Electric Company, 
Incorporated, New York. 

COLLOIDAL SUSPENSION for coating composition for filaments 
used in electron discharge tubes. Тһе colloidal composition con- 
sists of particles of salt of an alkaline earth metal in solution. 
This colloidal solution is coated upon the cathode forming a ther- 
mionically active coating. 


1,532,846—C. Н. Thordarson, filed March 31, 1920, issued April 7, 
1925. 

ELECTRICAL CONDENSER designed for high tension operation, 
in which the conducting elements are formed of tube-like struc- 
tures having side members for contact with the dielectric ele- 
ments which are interposed between the tube-like conducting 
plates. The plates are so spaced that a cooling medium may be 
circulated therebetween. 


1,532,964—C. Valguarnera, filed August 9, 1924, issued April 7, 
1925. 

MEANS FOR RADIO SIGNALING SHIPS DURING A FOG as a sup- 
plement to acoustic and luminous fog signals. The ships are 
equipped with special transmitting and receiving apparatus hav- 
ing limited range, each tuned to each other on a predetermined 
wave length. Signals are transmitted automatically and actuate 
the receiving station which is adjusted to receive the particular 
signals transmitted. Ав soon as the signals are picked up audibly 
a radio direction finder may be connected to the receiving sct for 
accurately determining the position of the transmitting station. 
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1,533,070— T. E. Arundel, filed May 26, 1924, issued April 7, 
1925. Assigned one-fourth to Guy D. Shipherd and one- 
fourth to William H. Metcalfe, both of Omaha, Nebraska. 

DETECTOR construction designed to maintain its adjustment 
permanently. 'The detector comprises a pair of electrodes which 
are secured within an insulated block and arranged to be adjusted 
exteriorly of the block and maintained in adjusted contact posi- 
tion for effecting rectification in an electrical circuit. 


1,533,223—L. W. Chubb, filed June 30, 1921, issued April 14, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 

SYSTEM OF CONTROL for radio telegraph transmission wherein 
the signaling energy may be properly utilized between the signal- 
ing periods. А double antenna system is provided in which the 
antenna circuits may be employed as an absorbing circuit or as a 
radiating circuit and by varying the phase of the currents in the 
antenna circuits they may relatively add or subtract in their 
effects. By utilizing the phase control method the use of large 
absorbing circuits usually employed at an arc-signaling station is 
eliminated. 


1,533,372—C. E. Brigham, filed June 14, 1924; issued April 14, 
1925. Assigned to C. Brandes, Incorporated. | 


©); 
Mz: 

^. ABL 
3 | 
12: 
i 
Ath 


NUMBER 1,533,372—Loud Speaker 


Loup SPEAKER for radio reproduction, in which the maximum 
energy from the electromagnetic fluctuations is derived by means 
of a freely floating armature disposed in the magnetic field. The 
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armature is arranged within the electromagnetic field and is 
actuated by the variations in the magnetic flux in such manner 
that all the vibrations are effectively employed for the reproduc- 
tion of signals. 


1, 533,278—J. Slepian, filed November 20, 1920, issued April 14, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 


NuMBER 1,533,278— Plate Circuit Excitation 


PLATE Сінсгіт Excitation for an electron tube system, in 
which multiphase alternating current is used for exciting the 
plate filament circuit. А polyphase source of electromotive 
force is included in the plate filament circuit to produce a flow 
of current therein similar to that produced by the direct current 
electromotive force method of plate excitation. А rotating 
electrostatic field is thus produced within a closed vessel, which 
field may be controlled for further controlling energy in the out- 
put circuit of the electron tube. 


1,533,334—H. O. Russell and €. L. Paulus, filed April 18, 1922 
issued April 14, 1925. 

CONDENSER of the fixed type in which a stack of mica sheets 
having metallic coatings thereon are positioned adjacent each 
other; the mica sheets each have a coating of material subject 
to the action of electrolysis, such as lead oxide. Оп the surface 
of the lead oxide coating an electrically deposited plate of copper 
is formed. The mica sheets may then be stacked one adjacent 
the other to build up the condenser and the plates maintained 
under pressure in the stack. 


1,533,502—J. L. Jenks, Jr., filed February 11, 1922, issued April 
14, 19295. 
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METHOD OF AND MEANS FOR ADJUSTING ROTARY .SPARK 
Gaps ОҒ Rapio APPARATUS by controlling the phase of the cur- 
rent supplied to the driving motor and thereby regulating the 
discharge according to the spark gap. Тһе supply circuit is ad- 
justed by means of variable reactance for controlling the phase 
of the energy to the motor. By a change in reactance sufficient 
lag may be introduced to obtain a eonsequent lag in the spark gap. 


1,533,611—W. R. Respess, filed December 22, 1923, issued April 
14, 1925. Assigned to New Jersey, Research Company. 


FIG 6 


NuMBER 1,533,011— Electrical Condenser and 
Method of Manufacturing the Same 


ELECTRICAL CONDENSER AND METHOD OF MANUFACTURING 
THE SAME, where the metallie armatures are coated with rubber 
in solution which, when dry, forms an insulating filament directly 
upon the conducting plate, permitting condensers to be built up 
by stacking the conducting plates one upon another. 


1,534,160—S. Cohen, filed February 17, 1925, issued April 21, 
1925. 


O / «ауу, 
NUMBER 1,534,160— Condenser 


CONDENSER, in which the rotor plates are mounted on а ball- 
bearing member with the rotatable shaft journaled in a spring 
chuck secured in one of the end plates forming the condenser 
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frame. Тһе condenser is designed for high electrical efficiency 
and high dielectric characteristics. Тһе frame of the condenser 
and the rotor plates is of the same electrical potential. 


1,534,213—G. Hill, filed February 3, 1923, issued April 21, 1925. 

VARIABLE CONDENSER, іп which the stator plates are cut 
from circular sheet material having a peripheral rim which ex- 
tends around the plate in a complete circular form with a cut- 
out portion in the plate. Тһе movable plates are arranged on a 
shaft and may be inter-leaved between the stator plates passing 
through the open portion of the stator plates. The stator plates 
are supported at different points around the edge thereof. 


1,534,373—H. Fischer, filed October 25, 1922, issued April 21, 
1925. Assigned to C. Brandes, Incorporated, New York. 
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NuMBER 1,534,373—Diaphragm 
for Telephone Receivers 


DIAPHRAGM FOR TELEPHONE RECEIVERS, consisting of a pair 
of super-imposed members forming an air chamber therebetween 
in which one of the members has an F-shaped slot therein. The 
object of the invention is to provide a diaphragm structure which 
will faithfully reproduce all of the tones of the musical scale. 
The patent covers an electromagnetic sound-reproducing mechan- 
ism having a base made up of a plurality of stamped metal parts. 
The invention is particularly adapted for quantity production of 
electromagnetic sound reproducers. 


1,534,704—J. H. Hammond, Jr., filed September 9, 1918, issued 
April 21, 1925. 


RECEIVING SYSTEM кон RADIANT ENERGY, having separate 
circuits in which two series of impulses of radiant energy having 


399 


а predetermined phase difference may be utilized to control the 
operation of selenium cells at & receiver which in turn control 
circuits at the receiving station to selectivively actuate the re- 
ceiving mechanism. 


NUMBER 1,534,704— Receiving System for Radiant Energy 


1,534,719—E. W. Kellogg, filed April 21, 1921, issued April 21, 
1925. Assigned to General Electric Company. 


Rapio REcEIvING SYsTEM, in which a plurality of widely 
separated receiving antennas are connected by transmission 
lines to а central receiving station. А radio frequency wave is 
radiated at a frequency differing from that of the signal waves 
to be received by an amount sufficient to produce audible beats 
with the signaling waves. At each receiving station the signaling 
wave is detected and the resultant audio frequency current is 
sent to the central receiving station where the signals may be 
received with the most favorable stray ratio. Тһе multiple 
reception method insures the more accurate copying of the sig- 
nals despite stray interferences. 
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NUMBER 1,534,719—Radio 
Receiving System 


1,534,720—E. W. Kellogg and C. W. Rice, filed May 18, 1921, 
issued April 21, 1925. Assigned to General Electric Com- 
pany, New York. 


NUMBER 1,534,720—Radio 
Receiving System 


Кл REcEIvING SysTEM employing a uni-directional hori- 
zontal receiving antenna for the reception of desired signals free 
of interference from disturbing waves coming from another direc- 
tion. А long horizontal receiving antenna is provided with а 
transmission line running parallel with the antenna for conveying 
signaling currents from a selected point in the antenna to a dis- 
tant receiving station. 


1,534,769—R. Brownlie, filed January 19, 1924, issued April 21, 

1925. 

OsciLLATION DETECTOR of the crystal type wherein the crystal 
is supported within a holder and a contact member arranged to 
be contacted thereagainst and moved by rotative movement 
to a desired point with respect to the surface of the crystal. 


1,535,046—O. Scheller and R. Herzog, filed August 31, 1921, 
issued April 21, 1925. Assigned to C. Lorenz Aktiengesell- 
schaft, of Lorenzweg, Berlin-Tempelhof, Germany. 
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Key CONNECTION FOR RADIO TRANSMISSION OF MESSAGES, 
for maintaining a steady load on a transmitting System. A cir- 
cuit is provided at the transmitter where a choke coil may be 
brought into shunt relation to the antenna generator cireuit when 
the transmitting key is closed, while & condenser is connected in 
parallel with the generator circuit when the key is open for alter- 
nately radiating and suppressing the signal energy. 


1,535,082--Е. F. W. Alexanderson, filed September 28, 1920; 
issued April 21, 1925. Assigned to General Electric Com- 


pany. 


Fig. 


NUMBER 1,535,082—: 
Electron Discharge 
Device 


ELECTRON DIscHARGE Device, in which an elongated anode 
is disposed within an evacuated envelope with a filamentary 
cathode symmetrically spaced around the anode. A magnetic 
field is generated substantially parallel to the axis of the cathode. 
By controlling the magnetic field the electron emission from the 
cathode is controlled to effect variation between the anode and 
cathode circuit. 


1,535,130—A. A. Oswald, filed March 20, 1924, issued April 28, 
1925. Assigned to Western Electric Company, New York. 


NUMBER 1,535,130—High Power Radio Telephony 
402 


Нісн Power Rapio TELEPHONY for long distance communi- 
cation where a band of frequencies of the order of 2,000 cycles 
is employed. Тһе antenna which is utilized has а resonance 
charceteristically materially narrower than 2,000 cycles with a 
substantially uniform effectiveness over the entire frequency 
range of the band. 


1,535,189—R. E. Thompson, filed March 7, 1919, issued April 28, 
1925. Assigned to Wireless Improvement Company, of 
Jersey City, а corporation of New York. 

RADIO COMMUNICATION APPARATUS, in which a single control 
is employed for tunfhg the apparatus. The variable inductance 
and condenser are mechanically adjustable thru the same inter- 
connecting linkage to permit variation of the wave'length of the 
circuit over a wide range hy a single operation. 


1,535,734—D. Н. Moss, filed February 9, 1924, issued April 28, 
1925. Assigned to C. Brandes, Incorporated, New York. 


NUMBER 1,535,734—Support for 
"Table Talkers" апа Method of 
Making the Same 


SUPPORT FOR “TABLE TALKERS” AND METHOD оғ MAKING 
THE SAME. Тһе patent shows а method of construction for an 
electromagnetic sound reproducer. The construction of the base 
and means for mounting the acoustic reproducer therein is de- 
scribed in connection with the process of manufacture by which 
the instruments can be produced on a quantity-production scale 
inexpensively. 
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INSTITUTE ACTIVITIES 


Standard Report 


The Standards Committee of THE INsTiTUTE, Ralph. H. 
Bown. chairman, is making good progress with the revision of 
the 1922 Standardization Report. It is expected that the work 
will be completed this Fall so that pamphlet publication of the 
Report may be possible early in the coming year. 


Institute Sections 


By authorization of the Board of Direction at its July, 1925, 
meeting, President Dellinger appointed & Sections Committee 
charged with the duty of investigating and developing the tech- 
nical activities of present Sections, and of reporting upon by- 
law revisions which will enable the Board of Direction to admin- 
ister more effectively the affairs of the Sections. The Committee 
is made up of Mr. Donald MeNicol, chairman, and Messrs. 
Melville Eastham, J. V. L. Hogan, Leslie MeMichael, H. M. 
Turner, G. Y. Allen, C. M. Jansky, Jr., J. C. Jensen, С. W. Pierce, 
A. H. Taylor, Montford Morrison, J. F. Dillon and C. E. Williams. 


Increase in Membership 


The Membership Committee, L. E. Whittemore, chairman, 
in a campaign carried on in June and July, last, succeeded in 
obtaining applications from about three hundred radio engineers 
and workers who desire to become associates of THE INsTITUTE. 
Thruout the Fall and Winter months the campaign shall be con- 
tinued with a view to doubling the membership within the year. 


Affiliation With А. А. А. S. 


THE INSTITUTE recently became affiliated with the Ameri- 
can Association for the Advancement of Science. 


National Electric Code 


THE INSTITUTE is now а member of the National Fire Pro- 
tection Association, whose Electrical Committee originates the 
provisions of the National Electric Code. THE INsTITUTE ОҒ 
Rapio ENGINEERS is represented on the Electrical Committee. 
Revisions of the Code are made and published annually. INstTI- 
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TUTE tret ers should study the Section of the National Electne 
Code governing radio in-tailations and forward to the Secretary 
any suggestions which would make for betterment of the wiring 
reg'ila*ions covering radio and storage battery installation. 


Chicago Section 


The initial meeting of the Chicago Section of THE INSTITUTE 
was well attended and the first papers presented were of a high 
order, Тһе speakers were Professor E. W. Bennett and As-ist- 
ant Professor L. J. Peters. of the University of Wisconsin. Mr. 
Montford Morri-on is chairman of the section: L. R. Schmidt, 
secretary, and William W. Harper, treasurer. 


New York Meetings 


Growth in membership and in influence of THE INSTITUTE аге 
reflected by the increasing interest being taken in the New York 
meetings, At recent meetings it has been necessary to use the 
large auditorium of the Engineering Societies Building in order 
properly to accommodate the audience. It is expected that in the 
near future attendance at meetings will exceed five hundred. 
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A NEW PHENOMENON IN SUNSET RADIO DIRECTION 
VARIATIONS* 


By 
L. W. AUSTIN 
(Fon SpecraL LABORATORY RADIO TRANSMISSION RESEARCH) 


(Conducted jointly by the Bureau of Standards and the American Sec- 
tion of the International Union of Scientific Radiotelegraphy). 


The observations on the deviations preceding sunset! have 
been continued. The phenomena, it will be remembered, are as 
follows: The apparent direction of the long-wave stations, New 
Brunswick and Tuckerton, to the northeast of Washington, be- 
gins to shift toward the east two or three hours before sunset. 
This deviation reaches a maximum of 10° to 15° roughly an hour 
before sunset. The bearing returns to normal before sunset and 
then usually shifts to the west and passes into the irregular night 
deviations. 

The remarkable thing about this phenomenon is its uniform- 
itv, the only variations from day to day being differences in the 
amount of deviation and the exaet time when the bearing returns 
to its correct value. [t seems to oecur with regularity only with 
stations at certain distances, not over 300 kim. and not less than 
100 km. As the only stations suitable for these observations he 
to the northeast of Washington, attempts have been made to 
interest observers in. taking observations іп other directions. 
Work covering only two or three days by Mr. Englund at Cliff- 
wood, New Jersey, indicated that Annapohs, about 270 km. to 
the southwest, showed deviations first to the west and later to 
the east, that is, in the opposite sequence to those observed on 
the northerly stations at Washington. 

According to Eckersley’s theory? deviation is due to an in- 
direct wave reflected or refracted from the Kennellv-Heaviside 
laver, which comes down with its magnetic field non-parallel to 
the earth's surface, thus having a vertical component which cuts 


*Published by permission of the Director of the Bureau of Standards of 
the United States Department of Commerce. Received. by the Editor, 
June 12, 1925. 

IPROCEEDINGS OF Тик INSTITUTE OF Rapo ENGINEERS, 13, page 3; 1925. 

Rabo Review, 2 раке 60; 1921. 
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p^ fenes of phenomena which. whe not «o far expiaitel. show 
драге у the fatte reg alarit of sequence ал the Delore-- inset 
deviation already de-enbed. It has been frequently noticed that 
the rotation of the normal ахі of the compass coil arour.d a 
horizontal axis at right angle to the true direction of the sending 
etation frequently produces a great sharpness of minimum at a 
certain Vertical angle. It is now found that the angle for the 
rharpening of the minimum apparently varies regularly with the 
changes in bearing deviation during the before-sunset period. 
The “sharp minimum vertical angle starting at 0^ to 20° in- 
crease with the deviation of the horizontal bearing until at about 
an hour before sunset, just before the horizontal bearing devia- 
tion has reached a maximum, it reaches 50° to 807. Then. as 
the horizontal bearing returns toward the true direction, the 
vertical “sharp minimum” angle decreases rapidly so that be- 
fore the horizontal bearing has become correct. the vertical 
angle has returned to zero and gone up to 50° to 80° on the 
other side, that is, with the main axis of the compass coil tipped 
forward, 

Figure 1 shows the double axis compass coil and Figure 2 
atypical set of curves. A few points in regard to the curves аге 
worthy of notice. The sharp minimum vertical angle always 
begins to rise some time before the bearing of the station begins 
to shift. The vertical angle, so far as has been observed, always 
returns to zero at the same moment that the easterly bearing 
deviation begins to drop. The vertical angle curve cuts the axis 
agin nearly at the same time that the westerly deviation starts 
to decrease, The negative maximum of the vertical angle always 
nearly coincides. with the passage of the bearing thru its true 
Value in going from the easterly to the westerly deviation. 
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FIGURE 2 


Enough observations have been made to convince us that we 
have a perfectly regular natural phenomenon apparently occurring 
daily, which is probably connected with the deionization of the 
atmosphere as the sun sinks toward the west. It seems probable 
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that similar deviations take place after sunrise, but these have 
not as yet been investigated. Аз it may be a long time before 
the physical processes involved are understood, I am publishing 
the observed facts for others to verify and, if possible, explain. 
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RECENT COMMERCIAL DEVELOPMENT IN SHORT 
WAVE TRANSMITTERS AND RECEIVERS* 


By 
S. E. ANpEnsoN, L. M. CLEMENT, Амр G. C. DE CovToUuLYv 


(WESTERN ELECTRIC COMPANY, NEW YORK) 


INTRODUCTION 


In view of the recent activity in the use of the very short 
wave lengths, that is, below 100 meters, it may seem somewhat 
tardy to present a paper describing a transmitter and receiver 
recently built for the United States Coast Guard covering the 
wave length range between 100 and 200 meters (1,500 to 3,000 
ke.). When the complete title of the paper is taken into consider- 
ation, however, the authors hope that the matter presented will 
be of interest, as commercial development always follows some- 
what behind the development of the laboratory. 

The paper deals with the development of the radio receiver 
and transmitter for telephonic and interrupted continuous wave 


telegraph transmission for communication between small ves- | 


sels and between them and shore stations. The sets must be 
designed to give satisfactory communication over distances of 
50 miles for telephony and 100 miles for interrupted continuous 
wave telegraphy. One wave length only will be used for com- 


Li 


munication and this equipment will be operated by persons not ' 


familiar with radio. The controls on the receiver, therefore, will 
be locked and the transmitter will be adjusted to а single fre- 
quency. In order to insure absolutely reliable communication 
the selectivity of the receiver must be good and the transmitting 
frequency must be held within very close limits. 

The system consists of two main parts—the 50-watt coupled 
oscillator circuit type of transmitter and the double detection 
type (super-heterodyne) receiver. 

The primary power source is а 200 ampere-hour storage bat- 
tery which supplies the filaments of the transmitter and the plate 
cireuit dynamotor. А standard telegraph key is used to con- 


* Presented. before THe Institute оғ Клио ENGINEERS, New York, 
December 17, 1924. Received by the Editor, January 13, 1925. 
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trol the telegraph feature of the transmitter while a hand set 
is used for telephony. Separate dry or storage batteries are 
used to operate the radio receiver. 


THE TRANSMITTER 


The operating conditions demand that the transmitter be 
simple to operate, rugged, and efficient in order to insure mini- 
mum drain on the storage battery. Тһе frequency stability re- 
quirements are very severe as it is necessary to maintain the 
transmitter frequency constant for variations in the supply 
voltages and change in antenna constants due to service condi- 
tions. Тһе most serious cause of variation is due to changes in 
the antenna capacity caused by the rolling of the vessel, which 
тау be as great as 45? from the vertical. Тһе range require- 
ments of 50 miles for telephone and 100 miles for telegraph sig- 
nals are considered to be satisfactorily met by a 50-watt trans- 
mitter as а result of some preliminary tests made by the Coast 
Guard people. 'The power output requirements of the set ex- 
pressed in terms of the antenna constants and antenna current 
demand that it deliver at least two amperes into а 12-ohm an- 
tenna of 0.0003 microfarad capacity having a natural wave length 
of 116 meters. 


ELECTRICAL DESIGN 


The transmitter circuit is made up of three major parts—the 
oscillator circuit, the modulator circuit and the speech input 
circuit. The circuit diagram of the transmitter is showh in Fig- 
ure l. The negative grid biasing potentials for all tubes are ob- 
tained by means of a system of resistances properly inserted in 
the plate circuit. Keying for interrupted continuous wave tele- 
graph transmission is obtained by the use of а 15,000-ohm re- 
sistance (Біз on the diagram) which is connected between the 
minus 18-volt terminal and the ground. Тһе key short-circuits 
this resistance when it is depressed, which removes the high nega- 
tive potential applied to the grids of the tubes. 

The completed transmitter is shown pictorially in Figures 
2, 3, and 4. ІК consists of a single unit brass frame 33” high, 
1614” wide, and 18" deep. The upper part of the front panel 
supports all of the meters which are necessary for observation 
of the performance of the different parts of the cireuit. Atthe bot- 
tom of the front panel the switches for the control of the filaments 
and the motor-generator are located. Тһе necessary connections 
to the set are made to a terminal strip which is accessible thru 
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a door at the bottom of the transmitter. The equipment in the 
transmitter as shown :n the photographs is mounted in three 
separate sections. In the first section from the bottom audio 
frequency coils and resistance units for the speech input and 
modulator c rcuit are mounted. 

The second section from the bottomis divided intotwo compart- 
ments—the front containing the two power tubes as well as the 
speech input amplifier tube with their accessories. The back is 
entirely shielded from the rest and contains the primary tuning 
inductance, the primary tuning condenser and the grid coupling 
condensers. Тһе third section located at the top of the set is also 
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FIGURE 2 
416 


divided into two parts, the front containing the plate voltage 


meter resistor and the antenna relay and the second containing 
the antenna loading coil and the antenna coupling con- 
densers. This compartment is also entirely shielded from 
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FIGURE 3 
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the rest of the circuit. Тһе control switch for telephone 
or interrupted continuous wave telegraph transmission is 
mounted at the center of the front panel. When the set is 
operating as a telephone transmitter the push button provided 
on the hand set connects the transmitter to the antenna and 
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FIGURE 4 
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starts the oscillations when it is pressed. With the control 
switch in the interrupted continuous wave position the telegraph 
key is connected in circuit and oscillations are started when the 
key is pressed. Тһе filaments of the tubes are controlled by 
means of an ordinary snap switch which is shown on the photo- 
graph, Figure 2. А second snap switch controls the plate dyna- 
motor which supplies the plate voltage to the plates of the tubes 
only after the filaments of the tubes have been turned on. А 
filament rheostat is also provided to adjust the filament current 
to the proper value. 

The antenna and primary coils are provided with а fine con- 
tinuous adjustment of their inductance so that the circuits may 
be adjusted to any frequency within the range of the transmitter. 
The fine adjustment is obtained by means of a sliding contact 
on the last turn of the inductance. It can be set in any position 
from the outside of the transmitter by means of a screwdriver. 
No fine adjustment knobs were provided, as the transmitter is 
to be set at the desired frequency, and it will remain constant for 
a long period of time. 

One of the first problems to be considered was the choice of 
the type of transmitter circuit which would best give the degree 
of frequency stability required. With this end in view, both 
the simple oscillator circuit and the coupled oscillator circuit 
were studied. 

The change of antenna capacity for a 45° roll of the vessel 
from the vertical was calculated by well-known formulas and 
found to be approximately 3 percent of the total antenna capacity. 
The frequency change due to a 3 percent variation in antenna 
capacity was then computed for the simple tuned oscillator 
сігеші and for the capacity coupled oscillator circuit. 

The calculated frequency change for the case of the simple 
oscillator for a 3 percent increase in antenna capacity was found 
to be approximately 8,000 cycles at an operating frequency of 
2,300 kilocycles. 

In the case of the capacity coupled oscillator circuit the cir- 
cuit constants were determined for the resonance condition of 
the double tuned capacity circuit with an antenna of 0.003 micro- 
farad capacity. These constants were calculated so that the 
circuit resonated at the desired frequency Fi. Assuming that the 
change of frequency due to the antenna capacity variation was 
of the second order with respect to the change of frequency in the 
primary circuit due to the change of the introduced reactance 
from the secondary into the primary, the reactance introduced 
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э эу wwendary into the primary after the antenna capacity 
sau was calculated as if the circuit was still resonating at the 
axo Tragueney: Ру. 

DS IwQueney at which the primary circuit resonates after 
he antenna capacity change was obtained by calculating the 
хезу determined by the primary inductive reactance in 
wes with the reactance of the grid and primary tuning capaci- 
> the value of reactance introduced from the secondary 
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œ after the antenna capacity change. This gives а new 
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exor X for the frequency which was then substituted back into 
phe ayuations for the secondary circuit in order to caleulate more 


crately the change of apparent reactance introduced into the 

SOSA TN eireuit by the secondary. By means of several approxi- 

sens the final change of frequency is approached, and the dif- 
схе between it and the original frequency Е, gives the change 
sae te the changed antenna capacity. Тһе frequeney change was 
und. in this ease, to be about 3,100 cycles per second when the 
эшш between the primary and secondary circuits was of the 
шига value (critical coupling). 

Che simple type oscillator did not meet the frequency stability 
ws quirements, and accordingly the capacity coupled oscillator 
уси Was chosen. Тһе coupled oscillator circuit does not 
madinte harmonie frequencies of the fundamental to any great 
extent, and this alone is enough to justify its usc. 

The laboratory model and later the completed commercial 
transmitters were tested for frequency stability due to changes in 
plate potential supply voltage and change in antenna capacity. 

As the change of frequency due to change in the antenna 
capacity and to the variations of plate апа filament voltages 
due to the discharge of the battery was very small in comparison 
with the frequeney at which the transmitter operated, the follow- 
ing method for measuring this frequeney change was used: The 
continuous wave emitted by the transmitter placed in the tele- 
phone position by means of the transfer switeh, not modulated 
by the voice, was received with a heterodyne receiver which was 
set to give a certain beat frequency for a given condition of the 
transmitter. The frequeney of this beat note was measured by 
means of an auxiliary standard calibrated oscillator by the ‘zero 
beat” method. The setting of the transmitter was then changed 
to simulate the changed condition, and the frequeney of the 
heterodyne beat note in the receiver was again measured by 
means of the calibrated audio frequency oscillator. The difference 
between the two readings of that oscillator gave the difference 
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in frequeney between the two conditions of the transmitter. 
The following results were observed: 

For a variation of plate potential caused by a change in stor- 
age battery voltage from 33 (fully charged) to 28 volts (nearly 
discharged) with the filament kept at a constant value, the fre- 
quency change was of the order of 0.007 percent. It may, there- 
fore, be said that the frequency of the transmitter is practically 
independent of the variations of plate voltage and storage bat- 
tery voltage likely to occur in practice. Тһе same method was 
used to measure the change of frequency due to a change of an- 
tenna capacity. For an antenna capacity change of from 300 
to 310 micro-micofarad (3 percent) the change of frequency was 
found to be about 2,500 cycles per second when the antenna 
coupling capacity was chosen so that the required antenna power 
was obtained. During the test the antenna capacity was varied 
from 300 micro-microfarads to about 500 micro-microfarads. It 
was noticed that the frequency of the transmitter first increased 
with the antenna capacity and then decreased as the antenna 
capacity was further increased and approached а value after 
which no further decrease occurs. "This series of observations at 
first could not be easily explained, but upon a mathematical in- 
vestigation it was found to follow the theory. 


DEsIGN or RapIO FREQUENCY OSCILLATOR CIRCUIT 

The double-tuned self-excited oscillator output circuit is 
shown in Figure 1. It consists of a closed inductance-capacity 
oscillating circuit coupled to the antenna circuit by means of a 
large capacity which is common to both circuits. L: апа C, are 
the primary tuning inductance and capacity, respectively, with 
L» variable by taps. Cio is the antenna coupling condenser and 
С» the grid coupling condenser. Тһе circuit is grounded at the 
point common to condensers Cs and Cio. The direct current plate 
voltage is applied to the oscillating tube thru the primary in- 
ductance L: in order to eliminate a radio frequency plate feed 
choke coil. The power delivered by the vacuum tube to the 
primary circuit is controlled by means o^ the plate tap. Тһе 
antenna circuit is composed of an antenna loading coil L;, vari- 
able by taps, and in series with the antenna ammeter and the 
antenna coupling condenser Cio. 

The values of the various circuit constants of the Coast 
Guard transmitter were calculated in two steps from the knowl- 
edge of the antenna and tube characteristics and the о L/R 
assumed from previous experimental data. First, by means of 
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pounaty enleulntions the tuning and coupling capacity to be 
esed in the pronary closed oscillating circuit was determined 
bom consilerntions. of tube impedance and frequency. The 
| «(ер of the caluclations was based upon the knowledge 
oi the antennn coupling and primary capacity which had been 
tamed in. the preliminary calculations. The values of the 
раған aod secondary inductance were calculated as well as the 
Мае tecstaneces of the primary and secondary circuits and 
ite. енене and voltages in all branches of the circuits. 


зер ALE CALCULATIONS 


Ehe resonance conditions that hold in practice for the calcu- 
lation ol double tuned capacity coupled circuits are: 


]st— X4 =() 
2nd—X,'-0 


V. being the reactance of the secondary circuit considered as а 
s parate unit. from the primary and X,” being the apparent 
icactance opposed by the entire double-tuned circuit to the 
(acuti tube. 

lt is known that the plate-to-filament impedance of any 
бағана tube is essentially a pure resistance at the frequency 
considered, and for this reason the load circuit should be adjusted 
Lo look like a pure resistance for best efficiency. This explains 
why the condition Ху 20 has to be considered as опе of the 
iesonancee conditions for that type of circuit. If these two con- 
Witions obtain, the reactance introduced into the primary by the 
seeondary is equal to zero and the resistance introduced. into 
Ihe primary is equal to 
AVE 
[e 


where Neis the reactance of the coupling condenser at the fre- 
queney considered and fs is the effective resistance of the entire 
recondary circuit, that is to хау, the sum of the antenna resist- 
ппее proper and the resistance of the antenna loading coil at 
the operating frequeney. The resonance conditions Х Z0 may 
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be written in the following form: 
М” -/ 
- f Ж А 1 Na 
AY = XN — p2 
where Ny is the coupling reactance between the tube and the 
primary circuit, А the apparent reactance of the secondary, 
und 2» the apparent impedance of the secondary. 
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However, Wiese Ac? Хз 


and as X320, А, is equal to А». The resonance relation Ху 20 
may be therefore written 
Y Xp?) Xs 
Ut REX. 
This is equivalent to ХА 2 X, А+. = 0, as X4 сап never be 
equal to zero. This last equation in connection with equation 
X,=0 enables all the circuit constants to be calculated. 
As a first approximation in the calculations А» may be con- 
sidered as strictly equal to 40” as its value. 


К Is - B eum 
Х-, (Xi -VN\2-4 Ры”) 


= 0 


is so small that it can be neglected. The current amplitude in 
the secondary circuit may, therefore, be calculated by the 
forinula 

ANCE 
RR! Ry 

where X, is the reactance of that portion of the primary induc- 
tance coil between the low point of the сой and the plate tap at 
the operating frequency. Æ is the amplitude of the effective 
driving electromotive force. Re’ is the apparent resistance of the 
secondary circuit :— 
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and Ерік the apparent resistance opposed to the vaeuum tube 
of the entire double tuned capacity coupled етеп: 


where Ze is the impedance of the plate-to-filament circuit of the 
'neuum tube for alternating currents. This impedance is suf- 
ficiently independent of the frequency, so that it шау be taken 
аха basis of calculations. 

In order that the double tuned capacity coupled oscillating 
eireult. be stable in operation, the eoupling between the primary 
and the secondary should be very loose. If the coupling is tight, 
there are two frequencies at which this kind of сігеші may os- 
cillate, one of which is determined by the primary and the other 
by the secondary. The cireuit should always be operated at or 
near the critical coupling value, for which the relation bet ween 
the coupling reactance and the primary and secondary effective 
resistance Is Ne? = fe Rs. 
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EXPERIMENTAL DEVELOPMENT OF THE TRANSMITTER 


An experimental model of the transmitter was set up in 
the laboratory taking care that the relative position of all 
apparatus, the constants of which were calculated іп accord- 
ance with the method described, was such as to simulate 
as nearly as possible the exact dispositions of apparatus chosen 
for the final transmitter. The circuit constants were adjusted to 
the values which had been determined by the theoretical design. 
The theoretical calculations were, in general, fully verified bv 
measurement except for a few minor modifications which had to 
be made in the values of the antenna coupling capacity. These 
minor modifications were due to the fact that the coils utilized 
had more resistance than correspond to the assumed w L/R in 
the theoretical calculations. This increase in resistance was 
caused by the additional losses due to the proximity of the 
shields to the coils. Тһе performance of the audio frequency 
speech input amplifier and oscillator circuit was found to be in 
accordance with the theoretical considerations. 


AUDIO FREQUENCY CHARACTERISTICS OF THE TRANSMITTER AND 
PERCENTAGE OF MODULATION 


The frequency characteristic of the transmitter was deter- 
mined by feeding into the input of the set at the two terminals 
where the microphone transmitter is connected a number of 
audio frequency currents at а level corresponding to the energy 
level furnished by the microphone transmitter, the transmitter 
being adjusted for telephone transmission. Тһе value of the 
audio frequency input current was chosen so that no current was 
taken by the grid of the modulator tube. The output of the modu- 
lator tube was measured for each input frequency by means of 
a peak voltmeter placed across the modulator plate choke coil. 
The frequency characteristic is shown in Figure 5. It is seen that 
this characteristic is practically flat between 100 cycles and 2,000 
cycles and does not vary widely over a much larger range. It 
is, therefore, evident that the quality of audio frequency trans- 
mission of the Coast Guard transmitter is excellent for practical 
telephone conversation. 


PERCENTAGE OF MODULATION 

The percentage of modulation was determined by an oscillo- 
graph in the ordinary way. Ап oscillogram was taken of the 
rectified wave when the transmitter was set for telephony and 
interrupted continuous wave. Тһе two oscillograms, Figure 6, 
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show that the percentage of modulation was 41 percent at an 
input audio frequency of 264 cycles and that the modulation of 
the carrier wave for the interrupted continuous wave telegraph 
position was complete. Тһе effeet of inertia of the moving ele- 
ment probably accounts for the peaks which appear below the 
zero line. The tone received, however, is very clear 
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Rapig RECEIVER 
The double detection (super-heterodvne) type of receiver 
is used because the required sensitivity and selectivity could be 
obtained only with this type of receiver. It is designed to cover 
a frequency range of 1.500 to 3.000 kc. (200 to 100 meters; and 
for the reception of telephone and interrupted continuous wave 
telegraph signals. In addition, a second oscillator operating at the 
intermediate frequency is provided for the reception of contin- 
uous wave telegraph signals. Тһе development of this receiver 
involved the solution of a number of difficult problems in order 
to meet the rigid requirements imposed. Іп brief, it had to be 
sensitive (voltage amplification іп excess of 5.000), selective 
against signals differing widely from the desired transmitter fre- 
quency but capable of receiving signals when the carrier fre- 
quency did differ from time to time not more than 5 kc. from the 
specified frequency. Its adjustment had to be simple and locks 
had to be provided so that it could be set and placed in operation 
by the turning of only the filament switch. Figures 8, 9, and 10 
show the arrangement of the apparatus in the receiver and its 
general appearance. It is thoroly shielded by the brass panel 
shelf and the shielded box. 
'The complete receiver circuit (Figure 7) may be divided into 

the following parts: 

Radio Frequency Input Circuit. 

Radio Frequency Oscillator Circuit. 

Modulator or First Detector Circuit. 

Intermediate Frequency Amplifier Circuit. 

Detector (Second) and Audio Frequency Circuits. 

Intermediate Frequency Oscillator Circuit. 


CHOICE OF INTERMEDIATE FREQUENCY 

Taking into consideration the fact that the intermediate fre- 
quency selectivity is of no value in differentiating between two 
signals, the carrier frequencies of which differ by twice the inter- 
mediate frequency, a moderately high intermediate frequency 
would naturally be chosen. With too high an intermediate fre- 
queney the amplification obtainable is considerably reduced and 
the regenerative effects due to interstage coupling of one form 
or another are greatly increased. If too low a frequency is used, 
the tuning of the secondary circuit and that of the oscillator 
will differ by only a small percentage of the carrier frequency, 
and the tuning of the two circuits will not be independent of 
each other. 
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Schematic Circuit of Complete Receiver 


FIGURE 7 


The 50 kc. frequency used was chosen because satisfactory 
intermediate frequency transformers had been developed for this 
frequency, the required amplification could readily be obtained, 
and such an amplifier requires no stabilizing adjustment in order 
to prevent a tendency toward internal oscillation. 


FIGURE 9 


Ficure 10 
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Rapio FREQUENCY INPUT CIRCUIT 


The radio receiver is designed to operate in connection with 
an antenna, but it is desired not to tune the antenna circuit in 
order to eliminate the additional tuning control. The radio 
frequency circuit, therefore, is of the simplest possible type, as 
shown in the schematic of the complete receiver. A small coup- 
ling coil is connected directly between the antenna and ground, 
the mutual inductance between this coil and the secondary cir- 
cuit being adjustable. On account of the fact that if more than 
critical coupling is used, no additional signal strength is obtained 
and the selectivity of the secondary circuit is seriously impaired, 
the coupling coil was made of such size that the maximum coup- 
line between the antenna and the secondary was not greatly in 
excess of critical coupling. The coupling coil is mounted at the 
low potential end of the secondary coil, and as one end of each 
is connected to the ground the capacity coupling between them 
is reduced to a minimum. The secondary coil is wound with 
bare copper wire spaced by its own diameter on a thin walled 
tube. This insures a coil of very low radio frequency resistance 
and, in fact, this is found to be practically as low as that obtained 
with the best types of cellular windings without any supporting 
dielectric. A “vernier” adjustment is provided by means of a 
small coil mounted at the opposite end of the secondary from 
the antenna coupling coil, but connected in the low potential side 
of the tuned circuit in order to have one terminal of the '*vernier" 
coil at ground potential. The use of the inductance ''vernier" has 
many advantages over the use of a separate plate on the variable 
condenser. With the latter the capacity of the separate plate 
may be 1/10 or 1/20 of the total capacity of the condenser, but 
when the condenser is adjusted to some point near its minimum 
capacity, the capacity of the “vernier” may be considerably 
greater than that of the condenser and its adjustment corres- 
pondingly critical. With the inductance ''vernier," on the other 
hand, the percentage change in inductance and in the resonant 
frequency is nearly constant over the entire range of the receiver. 
The 'vernier" was so designed that the total variation was 
equivalent to about 10 percent of the condenser setting for the 
major portion of its range. Тһе adjustment of a ''vernier" of 
this type is no more critical at the higher frequency end of the 
receiver range than at the lower. 


Клро FREQUENCY OSCILLATOR CIRCUIT 
The tuned grid inductively coupled oscillator circuit was used 
429 


во that the tuning condenser is placed across only the grid 
coll. One side of it is thus at filament or ground potential with 
consequent elimination of the effect of the hand on the frequency 
of the oscillator. The inductance “уегпіег”” is used in series with 
the grid coil and is mounted at the high potential end of the coil. 
The oscillating coils are so designed that the reading of the scale 
of the oscillator condenser for а frequency 50 Ке. below that of 
the incoming signal is practically the same as the scale reading 
of the secondary circuit of the receiver over the entire tuning 
range. 


MODULATOR ов First DETECTOR CIRCUIT 


Because the grid condenser and grid leak type of modulator 
requires a much smaller input on the grid for maximum efficiency 
than the negative grid bias type of detector, it is employed in 
this receiver. The circuits used for the frequency changing 
system consisting of the oscillator and modulator are illustrated 
in the schematic of the complete receiver, Figure 7. The con- 
denser and grid leak combination is chosen for maximum effi- 
ciency, which is obtained with a capacity of 100 micro-micro- 
farads and a 2-megohm resistance leak. 

The grid leak serves both as a grid leak for the modulator 
tube and as a means of coupling the modulator tube to the oscil- 
lator. With this circuit the adjustment of the secondary circuit 
has almost no effect on the frequency of the oscillator except 
when the secondary circuit is made resonant with the oscillator 
frequency, which is not the operating condition. The oscillator 
is carefully shielded from the remaining portion of the receiver 
in order to prevent any interaction between it and the secondary 
circuit. 


FILAMENT CIRCUIT 


The vacuum tubes used in this receiver each require a fila- 
ment current of 250 milliamperes at approximately 1 volt. When 
employing a number of tubes of this particular type it is advan- 
tageous to connect their filaments in series, so that grid biasing 
potentials may be obtained by the drop in potential across cer- 
tain portions of the filament circuit. In a receiver having high 
amplification, connecting the filaments in series presents some 
additional problems because of the coupling thus introduced 
between the grid circuits of the various tubes. "This coupling 
is reduced to a satisfactory point in this receiver by the use of 
a number of high capacity by-pass condensers properly located. 
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The filament circuit is laid out from the standpoint of obtaining 
the desired grid biasing potentials with the simplest possible 
filament circuit. 


DETECTOR AND AUDIO FREQUENCY AMPLIFIER CIRCUITS 


The second detector is of the grid leak and grid condenser 
type because it has been found, by careful measurement, that 
the efficiency of the grid leak type of detector when using W. E. 
215-A vacuum tubes is considerably greater than that of the 
negative grid bias type of detector up to inputs much greater 
than are likely to be obtained in practice. The disadvantage of 
the grid leak type of detector is that the output level obtainable 
is considerably lower than that from the negative grid bias type 
of detector. When one step of audio frequency amplification 
is provided, however, the output level obtainable from the re- 
ceiver is ample for headphone operation. The detector and the 
audio frequency amplifier form a couplet which operate very 
well together, as the relative output levels are such that over- 
loading occurs at about the same point in both tubes. 

A by-pass condenser of the order of 0.001 microfarad is 
provided in the detector plate circuit in order to keep the 
output circuit of low impedance to the carrier frequency. In 
addition to obtaining an increase in detector efficiency, the 
condenser by-passes radio and intermediate frequencies which 
may be amplified by the audio frequency circuits and help to 
cause overloading of succeeding tubes. From the standpoint 
of detector efficiency an even larger capacity would have been 
advantageous, but it would have resulted in too great an atten- 
uation of the higher audio frequencies. 


INTERMEDIATE FREQUENCY OSCILLATOR 


The intermediate frequency oscillator is of the tuned grid 
inductively coupled type and is so arranged that it may be 
turned off by means of a key in the plate supply. High efficiency 
in this oscillator was not desired nor was it necessary because 
of the fact that it operates at the frequency of the amplifier. 
The problem was not to obtain sufficient output from the oscil- 
lator, but to reduce the coupling from this oscillator to the de- 
tector to such a value that the detector would not be seriously 
overloaded. Тһе by-pass condenser connected as shown reduced 
the input to the second detector from the intermediate frequency 
oscillator to about 0.5 volt at the grid of the second detector, 
which is approximately the value for maximum signal strength. 
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The capacity of the variable condenser was made only a small 
portion of the total tuning capacity as it was desired to have a 
frequency adjustment of only four or five thousand cycles. 

It has been found that having this oscillator adjustable over 
a range of this order of magnitude is of value in differentiating 
between signals from two stations very close together in carrier 
frequency, as the radio frequency adjustments of the receiver 
may be set for the optimum strength of the desired station and 
the intermediate frequency oscillator adjusted so that the beat 
notes of the desired and undesired station may be most advan- 
tageously adjusted. 

The coupling between the intermediate frequency and radio 
frequency oscillators is reduced to the lowest possible degree in 
order that the harmonics of the intermediate frequency oscil- 
lator will not beat with the fundamental of the radio frequency 
oscillator when it is adjusted over its operating range. With the 
intermediate frequency oscillator turned on, beat notes will occur 
for only two settings of the high frequency oscillator condenser 
corresponding to the frequencies 50 ke. above and below the 
carrier frequency. 


INTERMEDIATE FREQUENCY AMPLIFIER 


Prior to the development of the receiver being described, a 
very satisfactory intermediate frequency transformer had been 
developed. Тһе frequency characteristic of one of these trans- 
formers is shown in Figure 11. This characteristic covers only 
the operating range, but it is also very important that audio fre- 
quencies and radio frequencies be not transmitted by the inter- 
mediate frequency transformer. It was found that when four 
of these transformers were used in an intermediate frequency 
amplifier, the characteristic obtained was quite different from 
the fourth power of the characteristic of a single transformer. 
This is to be expected, because the input impedance of a vacuum 
tube is a function not only of the grid to filament capacity but 
it is also affected by the make-up of its plate circuit. The input 
impedance of a grid leak detector tube is also very different from 
the input impedance of an amplifier tube. 

А satisfactory over-all characteristic was obtained by bal- 
ancing out some of the interstage coupling capacity. Тһе bal- 
ancing capacity is not only used to stabilize the amplifier and to 
reduce any tendency toward internal oscillation, but its proper 
adjustment determines the shape of the amplifier characteristic. 
'l'he amplification of the receiver is controlled by means of a 
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potentiometer. Тһе total resistance of this potentiometer is 
closely related to the value of the balancing capacity. The 
proper combination of these two values results in the desired 
characteristic. "The potentiometric gain control shown is ad- 
justable in ten steps having a voltage amplification ratio between 
them of approximately 2.5 to 1. Тһе over-all amplification of 
the receiver for various steps of this amplification control is 
shown in Figure 12. Тһе selectivity is greatest when the maxi- 
mum amplification is used. This is а very desirable character- 
istic, as when a signal is so weak as to require the maximum 
amplification of the receiver a high degree of selectivity is de- 
sirable. Тһе selectivity of the receiver is intentionally made 
considerably less than might be obtained in order to be able to 
receive signals when the carrier frequency changes slightly or is 
not absolutely accurately set by all transmitters. 
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MEASUREMENT OF THE INTERMEDIATE FREQUENCY AMPLIFIER 


For the measurement of the over-all intermediate frequeney 
amplification, the eireuit shown in Figure 13 is used. The input 
resistance A, assumes different values іп accordance with the 
intermediate frequency amplification to be measured. The 
current thru the input resistanee is kept constant at 1 milli- 
ampere. For measuring the amplifieation obtained on the two 
upper steps of the amplification control, the input resistance FR, 
consists of a short straight piece of high resistance wire having 
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FIGURE 12 


a resistance of 0.1 ohm mounted directly in the base of the short 
circuiting switch, this being the only practical way of elimin- 
ating undesirable pick-up. With a voltage amplification of 
10,000, this means that 1 milliampere flowing thru this resist- 
ance will give an input of 1 volt to the grid of the second detector. 
When the amplification is reduced to 2,000 or less, resistance 
boxes may be used for the input resistance provided that pre- 
cautions are observed to make all of the leads as short and direct 
as possible. It is essential that the input voltage to the receiver 
consist only of the drop across a definitely known resistance and 
that the current measured by the thermocouple should be the 
entire eurrent thru this resistanee and no other. Тһе second 
detector, including its condenser and grid leak, is calibrated by 
connecting it directly across resistance Ri, which for this purpose 
consists of a variable resistance box having negligible inductance 
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and capacity at 50 kc. А complete calibration curve of the detector 
up to a voltage input corresponding to a change in the plate cur- 
rent of 200 microamperes is usually made. When measuring 
the amplification of the receiver, the current thru the input re- 
sistance is adjusted to the same value of 1 milliampere and the 
change in the detector plate current noted. This is most con- 
veniently done by the use of a differential meter in which the 
normal space current of the detector is neutralized by & current 
from a separate battery flowing thru the proper resistance (see 
Figure 13). As the amplification is decreased by using the lower 
steps of the amplification control, the input resistance №, is in- 
creased so that the input voltage to the grid of the second detector 
is of the order of 0.5 to 1.0 volt. In all of these measurements 
it is very essential that the oscillator be thoroly shielded from the 
receiver so that with the switch across the resistance R, closed, 
no change in the plate current of the second detector may be 
noted when the oscillator is turned on and off, even tho the maxi- 
mum amplification of the receiver is used. This method was 
used in measuring the frequency characteristic of the receiver. 
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CONCLUSION 


The transmitter and receiver meet the requirements and show 
what may be expected if the design is based on the results of in- 
telligent co-ordination of theoretical and laboratory work. Тһе 
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practical operation of the system shows that the range over water 
is considerably in excess of requirements, which seems to indicate 
that the shorter wave lengths will be very satisfactory for this 
class of service. 

The authors wish to express their thanks to Messrs. P. H. 
Betts, A. W. Saunders, and A. E. Lanz for their valuable assist- 
ance in the preparation of this paper. 


SUMMARY: This paper describes the transmitter and receiver recently de- 
veloped for use by the United States Coast Guard. This apparatus is for 
operation on wave lengths between 100 and 200 meters. In describing the de- 
velopment of the transmitter a short summary of the various circuit consider- 
ations is included. "The actual transmitter finally developed is also described 
together with its operating characteristics. 

In considering the radio receiver the various problems to be met in the 
design of a radio receiver of this character are dealt with at some length. 
The frequency characteristics of the radio receiver, as developed, are shown, 
and the method of determining them is described in detail. 

The transmitter and receiver performed very satisfactorily under con- 
ditions considerably more severe than will be met in actual service. 


136 


DESIGN OF TELEPHONE RECEIVERS FOR LOUD 
SPEAKING PURPOSES* 


By 
C. R. Hanna 


(WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, EAST 
PITTSBURGH, PENNSYLVANIA) 


I. INTRODUCTION 


The development of telephone receivers to handle without 
serious distortion the relatively large amounts of power required 
for loud speaking purposes has presented many difficulties. The 
simple receiver of bi-polar construction sufficed as long as it had 
to take care of the small amount of power used in ordinary tele- 
phone practice, but considerable modification, if not a complete 
change of design, became necessary when loud speakers came 
into existence. 

At the present time three types of magnetic driving mechan- 
isms are employed for loud speakers: (1) The moving iron or 
electromagnetic type; (2) The moving coil or electrodynamic 
type, including all those forms in which conductors carrying 
primary currents are displaced in a steady magnetic field; and 
(3) The induction or eddy current type, including all those in 
which conductors carrying secondary or induced currents are 
displaced in a steady field. 

The present paper will deal only with the moving iron or 
the electromagnetic type of driving element. This is by far 
the most common. It is also the least expensive, probably be- 
cause its steady flux is readily supplied by permanent magnets 
instead of electromagnets. It depends for its operation upon 
the variation in pull of an electromagnet or system of electro- 
magnets upon an iron armature or diaphragm. Several types 
of electromagnetie constructions will be diseussed, апа then a 
detailed consideration of the design of a new type recently 
developed will be given. 


SIMPLE BI-POLAR RECEIVER 


The familiar two-pole reeciver is shown in Figure 1. Мапу 


* Received by the Editor, January 23, 1925. Presented before THe In- 
STITUTE OF Клімо ENGINEERS, New York, February 4, 1925. 
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papers and books have been written describing its operation 
and characteristics. The reader is referred to A. E. Kennelly's 
“Electrical Vibration Instruments," which covers the subject 
very thoroly and which gives а complete bibliography. А few 
relations showing first order effects will here be given to show 
the limitations of this type of element for loud-speaking tele- 
phones. 


FicvRE 1—£imple Receiver 


If Ф isthe steady component of flux crossing the air gaps and 
$sin wt represents the superposed alternating component of 
flux due to а sine wave of current in the windings, the pull on 
the diaphragm will be proportional to 

(do -- sin о t)? = ?--2 Ф $ sin wt+p? sin? wt 


=? 4-2 Ф ф sin ША Бар g “ty 
$? $? 
Lo. 2 +2Ф ф sin wt— 9 cos2ut 


It is seen that the pull is made of three components: (1) a steady 


2 
component (9-5); (2) а single frequency component 
2 
(2  $ sin wt) and (3) a double frequency component 9608 2 о {. 


The steady component produces no undesirable effect, but the 
double frequency pull gives rise to an extraneous overtone which 
is quite objectionable. It is seen that if $ is small compared 
to ® the double frequency term will be negligible compared to 
the single frequency term. In loud speakers, however, ф has to 
be large in order to produce sufficient variation of force, and this 
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in turn requires that Ф shall be much larger, in order to make 
the single frequency component of force predominate. 

In the simple receiver the limit to the amount of steady flux 
that can be employed is determined by the saturation of the 
diaphragm. Increasing the thickness of the diaphragm allows 
the use of more steady flux and, therefore, makes the device 
capable of handling more power without the double frequency 
distortion referred to above. This procedure is objectionable, 
however, because it increases the mass and rigidity of the dia- 
phragm, both of which are undesirable because of the non-uni- 
formity of response they cause. Increase in power is, therefore, 
incompatible with good quality of response in the simple receiver. 

Another source of distortion inherent to the simple receiver 
when used for loud-speaking purposes is the unsymmetrical dis- 
placement of the diaphragm away from and toward the poles 
with respect to its mean position. This is shown in Figure 2 аѕ а 
static characteristic of displacement against current in the coils. 
For the large displacements necessary in loud-speaking receiv- 
ers, this non-linear distortion is very objectionable because of 
the extraneous overtones it causes. 


FicvRE 2—Static Characteristic of Simple Receiver 


It may be said, however, that~bi-polar receiver construc- 
tions are being employed with fair success for loud speakers 
when only а moderate amount of output is required.  Fairly 
large diaphragms are employed so that the displacements do not 
have to be as great for а given amount of power as with smaller 
diaphragms. 


BALANCED ARMATURE UNIT 
To overcome the disadvantages inherent to the simple re- 
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ceivers, the four-pole balanced armature receiver was developed. 
Two constructions are shown in Figure 3, the operation of the 
two being the same. When current passes thru the coil (or coils) 
poles 1 and 4 are strengthened, while 2 and 3 are weakened (or 
vice versa), causing the armature to be pulled in the direction 
of the stronger pair of poles. When in its normal position, the 
armature carries little or no steady flux. The steady flux may, 
therefore, be large without saturation of the armature. It is not, 
however, to be inferred that with this construction there is no 
limit to the steady flux but saturation of the poles. If the field 
is too strong, the armature will not stay in its mid-position. This 
can be shown as follows: Suppose the armature is rotated 
slightly clockwise. Poles 1 and 4 will now have a greater pull 
on the armature than poles 2 and 3 because of the reduced air 
gap. If the difference between these two forces is not less than 
the restoring force called into play by the deflection of the mov- 
ing system, the armature will be pulled over to poles 1 and 4. 
The armature is continually being deflected from its mid position, 
and so the strength of the poles can not exceed a certain value 
without causing instability. This limit, however, is much higher 
than in the simple receiver where diaphragm saturation is in- 
volved. 


d 


Ғісеве 3—Balanced Armature Receivers 


The chief advantage of a strong field in this type of receiver 
is that the sensitivity is greater. Тһе double frequeney com- 
ponent of force, so objectionable in the simple receiver, is not 
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present in this type if the armature is closely balanced. That 
there is no double frequency pull may be shown as follows: The 
pull caused by poles 1 and 4 is proportional to 
(Ф + ф sin wt)? 
and the pull of poles 2 and 3 is proportional to 
(Ф —$ sin wt)? 
where represents the steady component of flux and $sin wt 
the superposed alternating flux. Тһе resultant rotating force 
(F) is given by the difference between the above expressions. 
(Ф +ф sin ш02-(Ф-ф sin wt)? 

= (6242 Фф sinwt-4- $?sin? 01) — ($0? —2 Ф ф sin оі--ф?° sin? wl) 
=4Ф $ sin ші 
It is seen that the steady component and the double frequency 
component of pull both disappear, leaving only the single fre- 
quency. | 

Because of the four-pole arrangement, the deflections of the 
armature are symmetrical with respect to its mean position. 
That is, the static characteristic of displacement against current 
is as in Figure 4, where the range of linearity is roughly double 
that of the simple receiver having the same air gap clearance. 

The fact that the balanced armature receiver will stand larger 
variations of flux without double frequency distortion, and larger 
diaphragm displacements without the other type of non-linear 
distortion mentioned, and the fact that it allows greater steady 
fields without saturation of the moving part, makes it much 
better suited for loud-speaker work than the simple receiver. 


FiGvRE 4—Statie Characteristic of Balanced 
Receiver 
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The chief disadvantage of the balanced armature unit is its 
complicated vibrating system. Тһе diaphragm has several 
resonances, and also the armature has one or more in the audible 
range unless made very heavy. The result is that the two coupled 
mechanical systems give rise to & rather bad anti-resonance, 
which is difficult to smooth out. If the balanced principle could 
be employed without the use of an armature, not only this dis- 
advantage would be overcome, but а receiver with a lighter 
vibrating system would be obtained. Such a receiver has been 
developed and has been termed the balanced diaphragm type. 
The body of the paper will be concerned with the details in the 
design of this new loud-speaking receiver. 


II. BALANCED DIAPHRAGM RECEIVER 


The construction of the balanced diaphragm receiver is shown 
in Figures 5 and 6. Two pairs of poles are disposed on opposite 
sides of the disphragm in such a way that the steady flux passes 
across the air gaps without going lengthwise thru the diaphragm. 
Essentially the construction consists of two simple bi-polar 
receivers actuating a common diaphragm. Normally both pairs 
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a 


Figure 5— Balanced Diaphragm Receiver 


of poles pull equally on the diaphragm. The windings are so 
connected that current will strengthen one pair (say 1 and 2) 
and weaken the other, or vice versa, causing a force on the dia- 
phragm in the direction of the stronger pair of poles. In the con- 
struction shown, two short blocks of high coercive force magnet 
steel are used for supplying the steady flux. These are placed 
outside the case for ease of magnetizing. The bridge or shunting 
tath below the coils on each half of the receiver is of low reluc- 
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tance compared to the main gaps, and allows the varying flux 
component an easy path around the high reluctance permanent 
magnet. This leakage path is, of course, a shunt to the steady 


FiavuRE 6— Balanced Diaphragm Receiver 


FIGURE 7 
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flux and requires that the magnet section be large enough to 
supply both the leakage flux and the useful flux. The poles are 
built up of T-shape laminations riveted together at the lower 
ends where there is little or no variation of flux. Because of 
the pole construction the sound outlet is off center as shown. 
Wax is used to fill up the one-half of the receiver so that the air 
chamber next to the diaphragm and ahead of the orifice is small. 
This space is usually made approximately conical in shape with 
an altitude of from ten to twenty mils. The advantages of the 
balanced diaphragm construction arethe same as those given 
in the discussion of the balanced armature with the added fea- 
ture that no armature is employed to obtain those advantages. 
Figure 7 shows two sizes of the balanced diaphragm loud- 
speaking receiver, one for use in the home and one for power 
work. Design information has been worked out whereby dif- 
ferent sizes of receivers having the greatest possible sensitivity 
may be obtained. without resorting to the cut-and-dry method. 
The various constants for the receiver will now be determined 
and the details in designing a receiver given. 
The following notation will be used: 
А = Pole area (cm.?) 
a= Air gap length (em.) 
r= Deflection diaphragm at center (em.) 
t= Velocity of diaphragm at center (ет. кес.) 
М, = Mmf. due to one permanent magnet (gilberts) 
M 2 Мп. due to current ? in one pair of coils (gilberts) 
= Current in windings (amperes) 
n — Number of turns per pair of coils 
В = Flux density in air gap (gausses) 
Ай- Diaphragm area (em.?) 
t= Diaphragm thickness (em.) 
e = Young's modulus for diaphragm material (dynes ’ 
em.) 
à = Density of diaphragm material (gm. em.?) 
Г, = Resonance frequency of diaphragm if not in the 
presence of magnetic field (eyeles sec.) 
f, = Resonance frequeney in presence of magnetic field 
т = Equivalent. mass of vibrating diaphragm, referred 
to acceleration at center igm.) 
r= Damping, referred to velocity at center of dia- 
phragm, dynes tem. sec.) 
S=stitfness of diaphragm not in presence of magnetic 
field. referred to deflection at center (dynes em.) 
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Sm= Magnetic reduction of stiffness (dynes/cm.) 
L = Inductance of receiver (henrys) 
К = Force factor or force per unit current in windings 
(dynes/ampere) 

Referring to Figure 6, suppose the current at any instant is 
flowing so as to increase the strength of poles 1 and 2 and de- 
erease 3 and 4, and that the diaphragm is displaced a distance x 
which is practically the same at the poles as at the center. Then, 
neglecting all reluctances excepr those of the main air gaps 


М.-М 
© 2(a--z) 
The resultant force on the diaphragm 


Ғ- l в. 2А—— Bit 2A= 
8z 


«қ» 
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16 z a-z | a+r 
= A [Pa и+емә|[#@мь+=м)| 
16z a? — х? а2--? 
If z is small compared with a, and M small compared with M, 
_ А (a M tz M.) (a M.) 
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The force acting on the diaphragm is made up to two com- 
ponents, one proportional to and in phase with the mmf. due to 
current in the coils, and one proportional to and in phase with 
the displacement of the diaphragm. "This, of course, neglects the 
effect of eddy currents and hysteresis in the poles and diaphragm. 
The first term determines the force per unit current or force 
factor 
_F; AMM 
"4 Axa. 

_ АМ, 
© 4ха? 
А Мьтп 


= үрс: dynes per ampere. (2) 


K 
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The force proportional to z is in effect a reduction of dia- 
phragm rigidity since it is opposed to the restoring force. This 
reduction of stiffness is 


Sm = Pi = 4 dynes/cm. (3) 
These two quantities are important, and will be referred to con- 
stantly thruout the paper. 

The problem in design is, of course, to secure the largest 
value of K for a receiver having a specified impedance. From 
equation (2) it is seen that increasing the steady magnetomotive 
force M, will accomplish this, but from equation (3) we see that 
there is a limit to M, because of the instability of the diaphragm 
when S, is greater than the diaphragm rigidity. Likewise, to 
increase А or reduce a will increase K, but there is a limit here 
because of the corresponding increase of Sm. Hence the upper 
limit of Sm is a quantity which partially determines the greatest 
value of K. 

It will now be shown that for operation in а given tube circuit 
the inductive reactance of the receiver should equal the tube 
impedance at the frequency where the power is to be optimum. 
It is not meant by this that the frequency response curve is to 
show а maximum at this frequency, but that conditions are to 
be so chosen that the greatest response capable of being obtained 
at this frequency results. In all receivers of the electromagnetic 
type the inductive reactance predominates at the higher fre- 
quencies (where the optimum is usually desired), and so this will 
be considered as the whole impedance. If me, is the effective 
voltage acting in the plate circuit, R, being the tube impedance 


1 = : EE Beg oS g 
V RH o? L* 
It was seen in the first part of the paper that the pull on the 


diaphragm is proportional to the first power of the variable com- 
ponent of flux in the air gaps. This is given by 


Ғ сфс ы М — total turns in series 
But Г о № 
| FaW/Li 
Substituting the above value of z 
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This is maximum if 
wLl=R, (4) 
We have then the two determining conditions: (1) for a given 
diaphragm the magnetic reduction of rigidity must be less than 
the diaphragm rigidity; and (2) for operation in a given tube 
circuit the inductance is fixed by the relation that the inductive 
reactance should equal the tube impedance at the frequency 
where the optimum is to be obtained. It will now be shown that 
if, in the design of a receiver, these two quantities are obtained 
in the values prescribed, the force factor K will be independent 
of the pole area or air gap length. This neglects the effects of 
iron saturation. We have 


5,- 2—5 (5) 
ь-2(045» * Jo (6) 
= 67 | 7) 
From (5) AM.=V4z aA Sm 
From (6) n= E ay 


Substituting in (7) 
Våra ASA, |108 La 
10а: 0.4 zA 

= 4/10! 1,5, (8) 

This conclusion may be seen also in a qualitative way, for 
if the air gap is increased or the pole area is reduced, the turns 
must be increased to give the same inductance and the permanent 
mmf. must be increased to give the same magnetic reduction of 
rigidity. Both of these increases compensate for the reduction 
of K due to the greater gap or smaller pole area. 

The importance of the foregoing conclusion will be evident 
in the design of receivers of this type. Тһе procedure is simply 
as follows: 

1. Select à diaphragm large enough to radiate the amount 
of power required and of the correct thickness to give the desired 
resonance frequency. This latter should be calculated higher 
than the frequency desired because of the reduction of rigidity 
due to the magnetic field, which usually may be 50 percent of 
the intrinsic diaphragm stiffness. 


К = 
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2. Fix the air gap at a convenient value, say at least four 
times the maximum displacement of the diaphragm. 

3. Choose a convenient pole area, taking into account only 
the requirement that the poles shall not be saturated to the point 
where their reluctance is comparable to that of the air gaps. 

4. Use the strongest permanent magnet that will still allow 
the diaphragm to remain in its mid position with stability. 

5. Calculate the number of turns to give the required induc- 
tance. Equation (8) predicts that variations in the dimensions, 
which were chosen more or less arbitrarily, will not affect the sen- 
sitivity of the resulting receiver. Тһив the design of such re- 
ceivers is made quite simple, and with a degree of assurance that 
the greatest possible sensitivity will be obtained. 


III. DIAPHRAGMS AND Horns 


Before dealing with an actual design, some of the properties 
of diaphragms and horns should be reviewed. It can be shown 
that if & loud speaker is to operate between the limiting fre- 
quencies f; and f;, its resonance frequency should be roughly 

= уу А (9) 

Rayleigh gives the following approximate formula for the 
fundamental resonance frequency of a circular diaphragm 
clamped around its circumference: 

te 
f, = 1.48--- | = 10 
I Nà (10) 


~ 


where | is the velocity of sound in the metal, usually about 


5.10" em./sec. Hence 
t 
— . 5 —— 
f, 274.10 А, (11) 
It сап be shown that the equivalent mass of vibration of а 
clamped diaphragm for its fundamental mode is roughly one- 
fourth its total mass. From these last two relations, then, the 
rigidity may be calculated, using 
1 [8 
Г, = — 
27 Nm (12) 
If the reduction of rigidity due to the presence of the steady 
magnetic field is of the order of 50 percent of the intrinsic dia- 


phragm stiffness, the actual resonance frequency of the system 
will be 


-У? 
i= 2 7% 
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From equation (10) it is seen that the ratio of diaphragm 
thickness to area must be constant for a receiver having a given 
resonance frequency. The mass of the diaphragm (and hence its 
equivalent mass) will, therefore, vary as the square of the area. 
From equation (12) the rigidity will also vary as the square of 
the area because of the constant ratio of S to m. The magnetic 
reduction of rigidity may, therefore, be greater for large dia- 
phragms. Referring to equation (8) for the force factor of a re- 
ceiver, it might be thought that since A is larger when large 
diaphragms are used, the over-all sensitivity of large loud speak- 
ers would be greater. Such would be the case if a horn providing 
the same acoustic load on the diaphragm were employed, but 
with heavier and stiffer diaphragms it is necessary that this load- 
ing due to the horn be increased so as to give the same degree 
of uniformity in response over the frequency range. Тһе loading 
or radiation damping required for a given degree of uniformity 
is proportional to the mass or to the stiffness of the diaphragm.! 

If, as indicated in the paper referred to, the radiation damp- 
ing r is large compared to other losses in the diaphragm, the 
power radiated at the resonance frequeney will be 


r 
But K« 41/85, ос Д d 
and тото A: 


Hence W is constant. Thus it may be reasonably expected that 
all sizes of the balanced diaphragm receiver, if fitted with prop- 
erly designed horns so as to give the same uniformity of response, 
will have the same over-all sensitivity. 

In the paper referred to, the following approximate formula 
for radiation damping or loading is given 


Ар a 
А, ш 
where A, is the initial area of the horn. It is seen that if A, is 
held constant, the radiation damping will vary with the dia- 
phragm area in just the right manner to give the same uniformity 
of response independent of diaphragm size. 

The power that a diaphragm radiates using a properly de- 
signed horn is proportional to the square of its area and to the 
square of its velocity. If it is assumed that the maximum allow- 
able deflection of a diaphragm is proportional to its diameter 


r=4.6 


1See paper “Тһе Function and Design of Horns for Loud Speakers," by 
C. К. Hanna and J. Slepian, “Journal A. I. E. E.," March, 1924. 


449 


(hence to the square root of its area), then since the velocity at 
a given frequency is proportional to the deflection, the greatest 
power output from a given diaphragm will be proportional to the 
cube of the area. That is, 
W с D.Ag й 
po roc 4/A 
Wa А 4з 

This is significant in the design of power loud speakers, for if the 
diameter of & diaphragm is doubled, the amount of power it can 
be made to radiate without serious distortion will be increased 
64 times. The distance range varying as the square root of the 
power will be increased eight times. "The large size unit shown 
in the photograph has a 3-inch diaphragm, and is capable of 
radiating about a watt of sound in speech and music. Altho 
this may seem small, a watt of sound is probably all that a fifty- 
piece band can produce. It is almost incredible that a 3-inch 
diaphragm moving not more than four or five thousandths of an 
inch will produce as much sound as a good-sized band, but such 
is the case. This is accounted for by the large radiation resist- 
ance or damping imposed on the diaphragm by a properly de- 
signed horn. Such sounds have been heard with great loudness 
about a half mile away and because of the logarithmic character 
of the ear’s impression of intensity, could probably have been 
heard distinctly over two miles distance if there were no obstruc- 
tions in the way. 

For several reasons it has not been found desirable to employ 
diaphragms larger than 3 inches in diameter. First, the volume 
of the air chamber immediately above the diaphragm cannot be 
kept sufficiently small without making the height of the space 
less than a practicable value. (In the paper referred to it was 
shown that unless this volume is small, the radiation at the higher 
frequencies is materially reduced, because of the fact that the air 
is compressed in the space instead of being forced into the horn.) 
Second, because of the greater length of path across the surface 
of the diaphragm to the outlet, space resonances occur at fre- 
quencies within the working range unless several outlets are dis- 
tributed over the diaphragm surface in such a way as to keep 
the effective length of path small. With large diaphragms the 
number of outlets required necessitates that each one shall be 
excessively small if the total outlet area is prescribed according 
to information given in the paper on horn design referred to 
above. There are four outlets in the large receiver shown in 
Figure 7, each one being 3, 16 inch in diameter. 
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Diaphragms 1l$ to 2 inches in diameter have been found 
large enough to radiate all the sound necessary for home use. 
The smaller of the two receivers shown in the photograph has a 
13,-inch diaphragm. 


IV. DETAILS or RECEIVER DESIGN 


Suppose a power loud speaker with the following character- 
istics 1s required: 

1. Maximum power output of 1 watt at 500 cycles. 
2. Frequency range 50-4,000 cycles. 
3. Impedance of proper value for 5,000-ohm tube. 

If a 3-inch diaphragm (Аз = 45.6 cm.?) is employed and the 
total orifice area is equivalent to a ?$-inch diameter hole, the 
radiation damping imposed on the diaphragm by a properly de- 
signed exponential horn will be 


2 
r—4.6 5" = 13,500 dynes/ (ст. /sec.) 


The maximum deflection at 500 cycles in order to radiate 1 
watt or 10’ ergs per second is obtained as follows: 
jer > (ох)? r= И 
> (2.500. 2)? 13,500--10! 
х = 0.0123 ст. = 0.0048 inch 


The air gap should be approximately four times this or 0.020 
inch. The resonance frequency of the diaphragm should be 
f, = 4/50 4000 = 450 cycles. 
If the magnetic reduction of rigidity is half the intrinsic dia- 
4/2 


phragm stiffness, f, will be 727: fo, so that the resonant fre- 


quency of the diaphragm when not in the magnetic field should 
be 
fa =450 4/2 = 635 cycles. 


The thickness of the diaphragm is obtained from equation (11) 


t 
635 = 7.4 . 10%-< 


t = 0.0392 ст. = 0.0154 inch, or say 0.015 inch. 


The actual value of f, for (2 015 inch is 620 cycles/sec. 
The equivalent mass of the diaphragm for the fundamental 
mode of vibration taking à — 7.8 is 
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m- = (45.6 X 2.54 X0.015)7.8 53.4 gm. 


From equation (12) the stiffness may be calculated 
S=(27f.)? т= (27 . 620)?X8.4 
= 51.3 X 10° dynes/cm. 


The magnet and pole construction should be designed so as 
to give a magnetic reduction of stiffness about half the above, of 


Sm= 25 X 10° (say) 


The actual resonance frequency in the field will be 


jx Jas 220 X 620 = 445 cycles/sec. 


The pole area is the only other arbitrarily chosen value. Let 
each pole be 3/16 inch х % inch and later we shall determrine 
whether the steady flux required to give the above value of SS,, 
saturates the poles or not. 


A =3/16 х5 х6.45 = 0.756 cm.? 
а = 0.020 X 2.54 = 0.0508 em. 


From equation (3) 
a= SS Se. 500 25.10 
A 0.756 
-- 233 gilberts. 
The density of the steady flux in the poles will be 


М, 233 


2g = 20.0508 = 2,300 gausses 


which is sufficiently low. 

The bridge or leakage path should have a reluctance of about 
one-fourth that of the two main air gaps. A path 3/16 inch X 34 
inch in area and 0.0125 in length has this reluctance. The density 
of flux in the bridge gap will be 

goo 239 

* 0.0125X2.54 

which is also sufficiently low. Тһе total flux delivery from the 
magnet must be five times that in the main poles or 


Ф,-5 В. А =5. 2,300 . 0.756 
= 8,700 maxwells. 


B, - 


= 7,350 gausses 


Each magnet of the receiver must deliver 8,700 lines at 233 
gilberts mmf. The problem of designing a permanent magnet 
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capable of delivering a certain flux at a gven magnetomotive 
force is not difficult if the hysteresis loop for the particular steel 
is had. With cobalt, tungsten, or chromium steels, the flux den- 
sity in the steel for the most economical magnet should be from 
5,000 to 6,000 gausses. At this density the mmf. per centimeter 
length of magnet is from 120 to 160 gilberts for cobalt steel, and 
40 to 50 gilberts for tungsten or chromium steel. Suppose a sam- 
ple of cobalt steel when worked at a density of 5,000 gausses sup- 
plies 150 gilberts mmf. per centimeter length. For the particular 
application where 8,700 maxwells at a magnetomotive force of 
233 gilberts are required, the length of magnet 


<= m: - 1.55 cm. — 0.61 inch, say 5/8 inch 
and the area 
8700 
А „== LI. -1.- 2 
5000 1.74 cm 


А magnet 34 inch X 34 inch in section has 1.81 cm.? area, which 
is approximately correct. If tungsten or chromium steel is 
used, the length should be about 316 times the above, and be- 
cause of the greater leakage or fringing, the section should be 
greater, especially at the center of the magnet where the total 
flux is greater. Cobalt steel magnets for applications of this 
kind are usually about l4 or 1/5 as large as magnets of other 
steels. The receiver construction is also simplified if the magnet 
is short enough to go between the poles as shown in Figure 5. 
This is а factor which usually determines the area of the poles 
of the receiver. Forexample, if, with the pole area chosen, the 
value of M, had been greater than that which could be obtained 
with a convenient length of magnet, the area of pole could be 
increased and the required value of M, thereby reduced. 

The remaining problem is to determine the proper windings. 
If at 3,000 cycles the response is to be as great as possible for 
that frequency, the inductance at that frequency is obtained 
from 


wL= R, 
pa ЖЕТ 
724.3000 499 henry. 


In most laminated pole receivers tested, it has been found that 
the inductance decreases with frequency, approaching a limiting 
value of about half the low frequency inductance. This limit 
is usually reached below 3,000 cycles, and so the low frequency 
inductance of the receiver should be about double the above or 
L,-0.5 henry (approx.) 
153 


The number of turns per pair of poles may be calculated from 
2 
1.=2(9 1 А 05 


2а 
: 0.4 zn*?.0.756Y, 8 
0.5=2( a E 
= 1,640 turns. 

With reasonable winding space, the ohmic resistance of the 
receiver is always small compared to the tube impedance, and 
so its value does not concern us, excepting as the windings might 
heat with the relatively large amounts of power employed. The 
loud speaker is usually in the secondary circuit of a transformer 
for insulation from the high voltage used in power amplifiers, 
and hence carries only the voice currents. Because of the great 
fluctuations of intensity, the average power in speech and music 
is usually so low compared to the peak value as to cause little 
or no heating of the windings or cores. So a size of wire is chosen 
which will allow the proper number of turns in a convenient 
winding space, and the matter of resistance forgotten. In the 
receiver here designed, 820 turns of number 36 wire can be con- 
veniently wound on each pole if the winding section is % inch 
long by about 3/16 inch thick. 

The principal dimensions and characteristics of the receiver 
will be tabulated: 

Diaphragm 0.015 inch thick by 3 inch diameter. 
fo 620 cycles/sec. 
т = 3.4 grams 
S = 51.8 «10% dynes/cm. 
Sm=25 х 10° dynes/cm. 
f. = 445 cycles/sec. 
a — 0.020 inch 
A =3/16 inch X ?$ inch 
M,= 233 gilberts 
Leakage path 3/16 inch X?4 inch by 0.0125 inch long 
Total flux delivery from magnet, 8,700 maxwells 
Magnets, cobalt steel, 3$ inch X34 inch Х 5% inch long. 
Inductance 0.5 henry at low frequencies 
n = 1,640 turns per pair poles 
Number 36 wire in space 34 inch X3/16 inch 


The force per unit current in the windings is given by equa- 
tion (8) Н 
K-N 10 L $,7 V10 .0.5x25. 10° 
= 11.2106 dynes/ampere. 
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This latter is the direct current force factor and will be found to 
decrease to a limiting value of about half with increase in fre- 
quency for most laminated pole receivers. With solid poles the 
percentage decrease in force factor is greater and the rate of 
decrease is more rapid with increase in frequency. Laminations 
of silicon steel 0.014 inch thick have been used with good results. 

Details in the mechanical design of the receiver will not be 
discussed except to say that the diaphragm must be rigidly 
clamped with no metal to metal contacts. Paper, cloth, or rubber 
washers are used on each side of the diaphragm to prevent rattling. 
In the large size receivers rubber dam 7 to 10 mils thick has 
proven the best for washers. Тһе air gaps should of course be 
accurate within close limits and the diaphragm flat if the full 
benefit of the balanced construction is to be obtained. 


V. EXPERIMENTAL WORK 


By means of motional impedance diagrams some of the pre- 
dicted characteristics of recetvers can be checked experimen- 
tally. The equations for force factor and reduction of stiff- 
ness are found to give results which agree closely with those ob- 
tained by experiment. These equations are 


K,- /10 Lo Sm 
| AM, 
™ 4708 
A receiver having the following principal dimensions was 
used in the test: 


Diaphragm — 0.007 inch thick X 134 inch diameter. 
Poles 3/32 inch 5/16 inch. А =0.189 ст.? 
Air gap 0.0125 inch. a=0.0318 cm. 


The equivalent mass of the vibrating diaphragm, assuming 
it to be one-fourth its total mass, 15 m = 0.54 gm. 

The magnetomotive force of the permanent magnet in each 
half of the receiver, as determined by measuring the pull on a 
thick iron armature at a known distance from the main poles 
was found to be 


ЛГ, = 107 gilberts. 


Using а vacuum tube oscillator and an alternating current 
bridge, the resistance and reactance of the receiver were measured 
at different frequencies and are plotted in Figure 8. Тһе smooth 
asymptotic curves are the estimated resistance and reactance if 
the diaphragm were not permitted to move. Тһе differences 
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FigtkeE S-—Resistance and Reactance Curves 


between the values on the actual curves and the asymptotic 
curves are the motional resistance and the motional reactance. 
These two values may be plotted as a vector, the arrow of which 
will be found to deseribe a cirele as the frequeney is varied. This 
motional impedance circle for the receiver tested is shown in 
Figure 9. The resonance frequeney of the diaphragm is 760 
eveles; where the motional Impedance vector is maximum. 

The damping constant r of the receiver diaphragm is obtained 
from the logarithmic decrement 


when f; and f? are frequencies corresponding to the extremities 
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Figure 9—Motional Impedance Locus 


of a diameter perpendicular to the principal diameter of the 
circle. 
r Б 
2054 ^ 99 
r —288 
Тһе force factor K of the receiver at the resonance frequeency 
is determined by the diameter 2, of the motional impedance 
circle and the value of r. 


—7 p» 
z = 107K 
r 
10^ K? 
23,300— ^... 
K =8.2X 10° 


K is a vector quaritity which lags behind the current in the re- 
ceiver windings by an angle 7 equal to half the depression angle 
of the motional impedance circle. The value of Y for the receiver 
under test is 11° 55’ at 760 eycles. The vector К is plotted in 
Figure 10. 
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Since K is reduced principally by eddy currents as the fre- 
quency is raised, its value for direct current may be obtained by 
noting the effect of eddy currents on the receiver resistance and 
reactance. Ав the frequency is raised, the effective resistance 
(diaphragm clamped) increases because of eddy current losses, 
and the reactance is less than it would be if the eddy currents did 
not flow. Тһе angle of lag 0 of the eddy currents behind the 
voltage which produces them is given by the anti-tangent of the 
ratio of this decrease іп reactance to the increase in resistance. * 
The phase of the eddy currents is the same as that of the force 
which they produce. So if a line is drawn from the tip of the 
vector К at an angle 0 with the vertical (which is the phase of 
the voltage causing the eddy currents since it is in quadrature 
with the main current), the direct current force factor is deter- 
mined by the point where this line cuts the horizontal line. 

In the receiver tested the decrease in reactance of the re- 
ceiver is 5,700 ohms, and the increase in resistance 1,340 ohms at 
760 cycles. 6 is therefore the anti-tangent of 4.25 or 67?. K,, 
the direct current force factor, is found to be 15.210° dynes 
рег ampere. The locus of K as the frequency is varied is a semi- 
circle, as shown in Figure 10, points corresponding to other fre- 
quencies being determined by drawing lines from K, at an angle 
(with the vertical) corresponding with the phase angle of the 
eddy currents for each frequency. Several points on the semi- 
circle are shown. 

The results of the test will be tabulated below: 


/„= 760 cycles. 
т = 0.54 gms. 
т = 288 dynes рег (cm. /ѕес.) 
S = m (27 f,)? 212.3 10° dynes/cm. 
К =8.2X10° dynes/amp. at 760 cycles. 
у = 11° 55’ 
К,=15.2х 10? dynes/amp. (d.c. force factor). 
L,=3.18 henrys at low frequencies. 

The receiver was dissembled and thicker spacers placed in it 
so as to increase the air gap to a value sufficiently great to pre- 
vent the magnetic field from affecting the diaphragm stiffness. 
By means of a motional impedance test, the resonance frequency 
was found to be 910 cycles instead of 760 cycles. Тһе intrinsic 
diaphragm stiffness 

8,— 0.54 (27 . 910)? = 17.6 X 10° dynes/amp. 


* See paper “Theory of Magneto Mechanical Systems," by R. L. Wegel, 
Journal A. I. E. E.," October, 1921. 
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FiGvRE 10—Force Factor Diagram 


The reduction of rigidity due to the magnetic field in the ease of 
the normal air gap is therefore 


Sm = 17.6 X 10° —12.3 X 10° 2 5.3 X 10° 
the predieted value 
AM? 0.189 X1072 
4za? 4=(0.0318)3 
which is in close agreement with the experimental value. 
The predicted value of the force factor for direct. currents 


K,— M 107 L, Sn = N/1077X3.18X5.3 X 1075 
= 13.0X107° dynes, amp. 

This checks reasonably well with the value 15.2 10° determined 
experimentally 

The force factor of this receiver is considerably greater than 
that of any simple receiver of equal inductance. This is aceounted 
for by the balanced construction which allows the use of greater 
steady flux without diaphragm saturation. 


Ss = -2.4 X 105 


VI. CONCLUSIONS 

The balanced diaphragm type of receiver has all the ad- 
'antages of the best types of electromagnetic receivers with the 
added feature that its vibrating system is just a simple dia- 
phragm. 


determination of the characteristies of this type of re- 
ceiver points to a direct method of design, with a degree of assur- 
anee that the greatest possible sensitivity will be obtained for 
a given application. The force factor, which is a measure of the 
sensitivity of the receiver, depends only on the inductance of the 
receiver, which is fixed by the characteristics of the tube circuit, 
and the allowable magnetic reduction of diaphragm rigidity, 
which is determined by the characteristics of the diaphragm. 
The amount of power that a diaphragm can radiate without 
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serious distortion is roughly proportional to the cube of its area. 
Receivers with moderately large diaphragms аге, therefore, 
capable of radiating sufficient power for great distances out of 
doors. Various sizes of receivers having equal inductance and 
fitted with horns which cause each to have the same uniformity 
of response to different frequencies, all have the same over-all 
sensitivity. 


Research Laboratory, Westinghouse Electric 

and Manufacturing Company, East Pitts- 

| burgh, Pennsylvania. 

January 13, 1925. 


SUMMARY: A discussion of the advantages and disadvantages of various 
present day electromagnetic receivers is given. А new type, called the bal- 
anced diaphragm receiver, is described and the details of design worked out. 
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AMPLIFICATION OF WEAK CURRENTS AND THEIR 
APPLICATION TO PHOTO-ELECTRIC CELLS* 


Bv 
С. FEnniÉ, В. Лосагвт, AND R. MESNY 


(Panis, FRANCE) 


In several instances, particularly in steller photometry, it is 
often necessary to measure very weak currents of the order of 
magnitude of 10-'? ampere. Galvanometers cannot detect cur- 
rents of this nature, and consequently very sensitive electrometers 
are needed. 

Tubes may be considered electrometers in which slight 
variations of the grid potential are manifested by considerable 
variations in the filament plate current. Thus the tube will act 
as & rugged and very sensitive electrometer which naturally 
can also be employed for measuring very weak currents. 

Several attempts to develop this idea have been made by 
Kunz,! Pike,? and Meyer, Rosenberg and Lank.? Recently‘ we 
have applied the processes described below to the same problem. 

А photo-electrie cell constructed by Rougier was employed. 

This cell (Figure 1) is placed in a glass bulb having a diameter 
of 5 to 6 centimeters, equipped with tubulations for the passage 
of the wires which connect its electrodes to the voltage supply 
battery. Тһе inside of the bulb is silvered, excepting for an aper- 
ture А which admits the luminous rays. On the silver plating 
opposite the aperture, at K H, is placed а hydride of potassium 
deposit electrically connected to the terminal C by means of а 
platinum wire. The anode P is ring-shaped in order not to inter- 

*Received by the Editor, October 16, 1924. Translated from the French. 

1J. Kunz: “Amplification of Photo-electrie Current by ап Audion,” 
“Phys. Rev.," 10, 1917, page 205. 

? C. E. Pike: “Amplification of Photo-clectric Current by an Audion,” 
"Phys. Rev.," 13, 1919. pages 102-108. 

3 E. Mever, H. Rosenberg, and Lank (Zurich): “Тһе Measurement of 
Photo-electric Currents by Means of Tube Amplifiers,” “Areh. des Se. Phys. 
et Nat.," 2, 1920, pages 260-262. 

4G. Ferrié, R. Jouaust, R. Mesny: “Amplification of the Current. of 
Photo-electric Cells and Its Use," ‘‘Comp. Rendue de l'Ac. des Sc.," 177, 
November 5, 1923, page 847. 


5 G. Rougier: “Тһе Photo-electrie Cells and Their Use for Photometry,” 
“Revue d'opt. th. et ехр.,” 2, 1923, pages 133-166 and 305-353. 
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cept thelight. The photograph (Figure 2) illustrates the dimen- 
sions of the cell. 


FIGURE 1 


On the exterior surface are pasted sheets of tin foil F, serving 
as a guard ring for the prevention of weak currents due to the 
conductivity over the surface of the cell. These currents are 
superimposed on the photo-electric currents which are to be 
measured. 


FIGURE 2 


The connections which have been employed are as follows: 

1. The anode of the cell is connected to the grid оға tube 

having three electrodes, the negative pole of the filament being 

connected to the positive pole of the battery, the negative pole 
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of which is connected to the alkaline deposit. Ав usual, a 
continuous difference in potential is applied between the plate 
and the filament of the tube (Figure 3). 


FIGURE 3 


The emission of electrons, which takes place when the alkaline 
deposit is illuminated, gives а negative charge to the grid; as a 
result the filament plate current is reduced. 

In order to obtain good results, the capacity between the grid 
and the various parts of the tube should be low. Moreover, since 
the grid must be highly insulated, it is well to employ tubes hav- 
ing "horns," and it is also necessary to select them carefully. 
Very few of the ordinary tubes are likely to give good results. 
With a tube having the dimensions of the ordinary receiving 
tubes we have obtained an amplification of 1,000, the variation 
of the filament-to-plate current being 1,000 times the intensity 
of the photo-electric current. Ап amplification of 10,000 was 
obtained with a 50-watt tube operating at 1,000 volts. 

This connection is analogous to a method employed by Kunz 
and Rosenberg. 

2. The difficulty in finding tubes with three electrodes hav- 
ing the necessary qualities has induced us to try another more 
complicated but also more reliable method (Figure 4). 

А dise D, equipped with grooves, rotates at а great speed 
between the cell and the source of light. Thus the photo-electric 
current becomes & current of musical frequency corresponding 
to а rather high note. 

The primary of the input transformer of an audio frequency 
amplifier, A, with three tubes is inserted in the circuit of the 
photo-electric current. 

The amplified difference of potential, available at the output 
of this amplifier, is applied between the filament and the grid of a 
modulator tube M, in the plate circuit of which no steady electro- 
motive force is inserted. But the plate-to-filament gap of this 
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FIGURE 4 


modulator tube is inserted іп the grid-to-filament circuit of a 
small continuous wave generator O. 

This generator was of the two-tube variety with а symmet- 
rical connection (push-pull), and produced oscillations at a wave 
length of approximately 50 meters. When this apparatus is 
adjusted up to its maximum operating effectiveness, every vari- 
ation of potential difference between the filament and the grid 
of the modulator tube (which causes variations of the filament- 
to-plate resistance of this tube) induces marked changes in the 
intensity of the oscillations produced; these variations in their 
turn produce variations in the plate-to-filament current of the 
oscillator. А further amplification can be obtained by con- 
ducting the latter variations to the terminals of an amplifier of 
very low frequency. 

In this way amplifications of the order of 105 have been 
obtained. 

By means of this process we have tried to register the photo- 
electric current due to the light of the stars; however, numerous 
difficulties are to be overcome in this respect. Nevertheless, 
experiments have been conducted under Jules Baillaud by using 


464 


the observatory of Paris equatorial telescope having an opening 
of 28 cm. 

3. Finally, we have employed tubes with two grids in order 
to obtain & very powerful amplification with a single tube, thus 
eliminating the difficulty of selecting the tubes. For this reason 
we bore in mind the following considerations relative to tubes 
having only one grid: 

When the cell is not illuminated, the grid collects a few of the 
electrons emitted by the filament. On the other hand, it receives 
a certain number of positive ions produced by the ionization due 
to the dissociation by impact of traces of gas remaining in the 
tube. Its potential, calculated with reference to that of the fila- 
ment, has such a value that an equal supply of electricity is pro- 
duced by the positive ions and by the electrons. 

When the cell is illuminated, the electrons emanating from 
the cathode will charge the anode and the grid connected to it. 
The potential of the latter, which is already slightly lower than 
that of the filament, will be reduced; this reduction will neces- 
sarily increase the number of positive ions received by the grid; 
but the number of positive ions which can be received by the 
grid per unit of time is limited. If the illumination is intense, 
the number of electrons produced by the cathode of the cell per 
unit of time may be greater than this maximum number of posi- 
tive ions. Then the negative charge of the grid will increase 
gradually, its potential will decrease and finally reach such a 
value that all electron emission from the filament is checked, 
that is, the plate current is interrupted. 

If the illumination is weak, however, another state of equili- 
brium will take place such that the positive electricity supplied 
by the ions will be balanced by the negative electricity supplied 
by the electrons coming from the filament and the cell. In this 
way the plate current is reduced. Obviously, under these con- 
ditions any obstacle to the formation of positive ions in the tube 
will give greater effective significance to the variations of the 
plate current produced by a given illumination of the cell. 

For this reason we have replaced the tube with three electrodes 
employed originally by a tube with two grids of the usual com- 
mercial type. 

The exterior grid was connected to the anode of the cell, 
and a potential difference of 6 volts applied between the filament 
and the interior grid (Figure 5). 

Under these conditions the interior grid assists in the emis- 
sion of electrons. Тһе voltage applied to the plate can be re- 
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duced, and was actually brought down to about 15 volts, & value 
slightly smaller than the ionization potentials of gases. In this 
way fewer positive ions were produced than in the ordinary 
tubes where the voltage between the filament and the plate was 
approximately 40 volts. 


Ali hl, 
Ж” 
FIGURE 5 


We have also proved that when the plate voltage of the tube 
is regulated accurately by means of a potentiometer, an ampli- 
fication much superior to that obtained with the ordinarily bet- 
ter tubes can be produced. Any two-grid tube on the market 
can be used for this purpose. 

We have looked into the possibility of applying this arrange- 
ment to stellar photometry, and with the aid of Jules Baillaud, 
experiments have been conducted at the observatory in Paris 
on the same equatorial telescope as mentioned above. 

The cell, the tube with two grids, and the batteries which 
keep the first grid positive, were enclosed in a box covered by 
a grounded metal screen. This box was fastened to the photo- 
graphic equatorial in such а way that the sensitive coating of the 
cell was slightly behind the focus. This box is shown in Figure 
6 above the head of the observer. Тһе arrangement has been 
chosen in order to make the luminous energy thus received 
operate on a large surface of potassium. 

Carefully insulated wires were connected to the terminals 
of the filament heating storage batteries at convenient points, 
to the terminals of the batteries which were intended to act on 
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FIGURE 6 


the cell, and to those batteries required to produce the neces- 
sary steady voltage in the tube between the filament on the one 
hand and the plate and the first grid on the other. A poten- 
tiometer made possible the regulation of this voltage. А sensi- 
tive galvanometer in the plate circuit of the tube was balanced 
for the normal plate current. 'The assembly of this apparatus 
is illustrated in Figure 7. 

Under these conditions the star Capella gave a variation of 
the plate current of 3.5 micro-amperes, 8 of the constellation 
Bootis 1 micro-ampere, and ý of the same constellation 0.3. 

Let us consider the results obtained in previous experiments 
with rather casual arrangements. Опе might hope that an 
apparatus which is very carefully constructed with respect to 
insulation will have greater sensitiveness. This apparatus is 
now being built. It will make possible the direct utilization of 
the tube as an electrometer or as a ballistic galvanometer. It will 
also include а particular device to be explained in greater detail. 

In view of what has been said above, it seems very difficult, 
despite the opinion of Rosenberg, to admit the proportionality 
between the variation of the plate current and the quantity of 
luminous energy received by the cell. Besides, even if this pro- 
portionality existed, the constant of proportionalitv would be 
subject to variations from one experiment to the other. 

A standardization device has been provided, based on the 
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following principle: after each experiment a quantity of variable 
luminous energy is imparted to the cell. This quantity of lumin- 
ous energy can be varied in а well-known way and regulated so 
as to obtain the same variation of the plate current as that pro- 
duced by the observed star. 


FIGURE 7 


The practical utilization of this principle is easily under- 
stood: An electric lamp, the voltage of which is regulated accu- 
rately at its terminals will illuminate the part of the potassium 
layer which is influenced by the light of the star during an experi- 
ment. 

Neutral glasses and absorbing glass wedges make it possible 
to vary continuously the luminous flux which arrives at the cell 
in this way. | 

4. In conclusion, another process should be mentioned which 
may yield a still greater sensitivity. А well-insulated condenser 
with a capacity of a few electrostatic units (c. g. s.) is placed 
in series with the cell, and the latter is subject to unknown 
illumination during & given time. "Then the condenser is dis- 
charged by connecting one of its terminals to the filament and 
the other to the exterior grid of the tube (Figure 8). 

An abrupt change in the plate current will then take place. 
In this way, by exposing the cell for 10 seconds to an illumina- 
tion which can produce а permanent variation of the plate cur- 
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FIGURE 8 


rent of 2 micro-amperes, we have obtained on the same meas- 
uring apparatus a deflection corresponding to a plate current 
change of 25 micro-amperes. 

We will continue to study this new method of operation 
which also makes it possible to transform the light energy into 
telephone signals, when the luminous intensity is sufficient to 
allow a discharge of the condenser at least 15 or 20 times per 
second. It is only necessary to connect the arrangement in ques- 
tion to an ordinary amplifier for low frequency currents. 

According to the above, it should be possible to use the prop- 
erties of photo-electric currents for determining the instant when 
a star has a given position in the field of an instrument, and par- 
ticularly the instant when it passes a meridian. 

Naturally it may be possible to register on the same apparatus 
the time indicated by an astronomical pendulum and the photo- 
electric current produced by the observed star acting on the cell. 

As long as the star is concealed by the micrometer, the photo- 
electric current will be reduced. Thus it is possible to observe 
the instant when the image of the star comes into contact with 
the micrometer cross thread, and the instant when it is entirely 
disclosed. Thus the personal equation, which must be considered 
in most meridian operations, is removed. 

As a matter of fact, the practical realization of this new 
process presents very great difficulties which for the most part 
are not yet overcome. Nevertheless, we must mention certain 
previous rather encouraging experiments carried on at the obser- 
vatory in Paris. 
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In order to get the desired results, it is necessary to measure 
the amplified photo-electric current with rapidly responsive 
indicating apparatus. Now such apparatus in general is only 
slightly sensitive. Therefore, the arrangement used for stellar 
photometry has been somewhat modified. Ав mentioned above, 
the current was amplified by means of a two-grid tube. А re- 
sistance of 50,000 ohms was inserted into the plate circuit of this 
tube, and the variations of voltage at the terminals of this re- 
sistance amplified by means of а new amplifying tube using 
direct current. 

А Dufour galvanometer with photographic recording equip- 
ment was placed in the plate circuit of this new tube, the appara- 
tus being such as is used by the geographic service of the army 
for range-finding by means of sound. 

А plate having an aperture of one millimeter was placed in 
front of the cell in the photographic equatorial telescope pre- 
viously mentioned. When the equatorial is held stationary, no 
photo-electric current is produced until the star, as a result of 
its apparent movement, passes in front of the aperture. In ob- 
serving the star Vega, а deviation of & centimeter was revealed 
on the film of the photographic recorder, corresponding to the 
production of a photo-electric current having a certain duration 
of time, and the beginning and end of which seem to be shown 
accurately by observing a few precautions. 

Altho only preliminary research has been conducted thus 
far, it seems possible that a new field has been found for photo- 
electric cells in astronomy. 

Another application of the amplification of very weak cur- 
rents has been studied by Lejay, who has employed it for meas- 
uring the potential gradient of the atmosphere by connecting 
the control grid to a potential terminal or test point. He has 
proven by comparison with a Mascart electrometer having photo- 
graphic recording equipment that the errors amounted at most 
to two hundredths of the total deflections. He employed the 
ballastic method involving the changing of an auxiliary con- 
denser.$ 


5 P. Lejav: “Ап Electrometer Using Triode Tubes and Its Use for Meas- 
uring the есіле Gradient of the Atmosphere,” "Comptes rendus de l'Ac. 
des Se.," volume 178, pages 1480-1482, April 28, 1924. “The Use of Tubes 
with Several Electrodes іп Photometry,” “С. R.,” volume 178, pages 2171- 
2173, June 23, 1924. 


470 


GENERATION OF POLYPHASE OSCILLATIONS BY 
MEANS OF ELECTRON TUBES* 


Bv 
RENE MESNY 


ГА 


(PROFESSOR оғ HYDROGRAPHY AT THE LABORATORY FOR THE MILITARY RADIO 
TELEGRAPHY) 


GENERAL PRINCIPLE 


If a connection having a geometrical and electrical symmetry 
of the order n is obtained by n identical triodes, the system con- 
stituted in this way should form under favorable conditions a 
unit of polyphase oscillations of the order n. This proposition 
is obvious; but it remains to be established a priori, whether the 
operation of such a system is stable. The slightest. difference 
between two homologous elements, for instance, might inter- 
rupt the polyphase operation, thus producing several oscilla- 
tions of different frequencies in the circuits. It seems to be im- 
possible to verify the stability by means of calculation. With- 
out considering the difficulties arising from the large number of 
elements in operation, too little is known of the phenomena tak- 
ing place in the triodes. In contrast to this, & quick and safe 
method has been obtained experimentally. 

The connection illustrated in Figure 1 was devised for three 
tubes, and the three-phase operation easily secured. Тһе three 
filaments are in parallel from the same source; the three plates 
are connected at а common point P by means of three induct- 
ances, the same is the case with the three grids, the coils of which 
have а common point C ; the coils of the plate and of the grid of the 
same triode are coupled magnetically. Ап electromotive force 
of some hundred volts is inserted between the point P and one : 
of the terminals of the filaments, as for a single tube connection; 
the point C is connected to one of the filament terminals either 
directly or thru a resistance of approximately 10,000 ohms. Тһе 
purpose of this resistance is to avoid overload of the grids by 
reducing very considerably the electron current which flows 
thru them; it is unnecessary to shunt it by & capacity as in the 
single triode connections because it does not transmit alternating 
current. 

—  *Received by the Editor, October 16, 1924. Translated from the French. 
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FIGURE 1 


A variable condenser which produces an oscillatory circuit in 
conjunction with the corresponding inductances is placed be- 
¿ween the grids (or the plates) of two adjacent tubes. 

This system oscillates spontaneously in three phases, when 
che three oscillatory circuits, connected in this way have the 
same frequency, and the mutual inductances are suitably chosen. 

The oscillations thus obtained are very stable and persist 
even with differences between the homologous elements amount- 
ing to 4 or 5 percent, a fact which makes it possible to carry dif- 
ferent loads in the different circuits. When the differences be- 
tween these elements are too large, the system develops oscil- 
lations at two or three principal frequencies, but the three- 
phase oscillations of a single frequency occur abruptly as soon 
as the limits indicated above are reached, as the capacities or 
the inductances are varied. 

The unit can be considered to be the summation of three oscil- 
latory circuits gi C ge C3; g2 C gs Ci, and gs € gı Co, in part super- 
imposed on each other, and each of them giving rise to an oscil- 
lation 120? behind its predecessor and 120? in advance of its 
suecessor or vice versa. Тһе frequency is determined by the 
common values of the induetances and the capacity of each of 
these circuits to the same degree of approximation as for the 
single tube connections. Frequencies of the order of 105 cycles 
per second have been obtained without difficulty. 

The existence of three-phase oscillations сап be demonstrated 
by developing a rotary field by means of the same processes as 
those used for industrial frequencies, for instance, by sending 
the three currents 120° out of phase into three coils which are 
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themselves placed at ап angle of 1209; these coils аге inserted 
between the point C on the one hand and the three inductances 
connected to the three grids. 

À squirrel cage motor, consisting of closed windings of fine 
wire and placed inside the coils mentioned above, begins to rotate 
rapidly as soon as the three-phase oscillations are generated. 
The rotation may be in either of the possible directions. 

The power of the motor constructed in this way with fre- 
quencies of 5X 10° cycles was of the order of 10-3 watts; however, 
by using а set oscillating on frequencies of 500 to 1,000 cycles 
per second, powers of а few watts could be obtained with a cur- 
rent of 1 ampere in the oscillatory circuits. It is probable that 
the speed of rotation in а vacuum would be very nearly constant. 
It depends only on the frequency of the oscillations, which can be 
kept almost constant, and on the mechanical resistances: if the 
motor rotates in a vacuum, the latter will be almost uniform, 
and the apparatus can be used for spinning mirrors at great speed 
and very regularly. 


MEASUREMENT ON THE SEPARATE PHASES 


The measurement which seems to be of greatest interest at 
high frequency, is that of the separate phases. In Figure 2, 
F, Р, Ез designate the three coils at 120° mentioned above. These 
coils have the axis O perpendicular to the plane of the figure and 
as a common axis of symmetry. The squirrel cage is replaced by 
a coll M, rotateable around the axis O, the turns of this coil 
being parallel to the axis of rotation. This coil will be the seat 
of an electromotive force of the same frequency as the oscilla- 
tions and of a phase depending on the orientation of the movable 
coil. When properly constructed, the latter makes possible 
definite variations of the phase equal to the angle to which it is 
turned. We will assume that this condition, which will be con- 
sidered later, is realized. 

When the coil M is introduced in a circuit E C including a 
condenser C and another coil Е, the entire circuit сап be turned 
to the frequency in question. А receiver system, connected to 
the terminals of the condenser, picks up the oscillations induced 
in the circuit. If the orientation of the coil M is changed, the 
sound remains the same since the rotating field is circular. But, 
if the coil E is coupled to а third coil B, thru which flows a cur- 
rent of the same frequency, a coupling value and an orientation 
of M will exist for which no audible sound is produced; at this 
instant the electromotive forces induced in M by the rotating 
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FIGURE 2 


field and in E and B will be exactly opposite. А graduated cir- 
cular scale is mounted on the axis O, its displacement in front 
of an index indicates the orientation of M and consequently the 
phase of the resulting current with respect to а phase used as an 
origin. In order to determine this origin, the point of extinction 
obtained by connecting E with a few turns in series with the 
circuit of one of the stationary coils, Fi, for instance, should be 
found. Zero is marked on the graduated circle at this point, and 
the figures read on the scale during the following measurements 
will constitute the differences in phase between the observed 
currents and the current in F;. 

The resulting points of extinction are very sharply defined 
and permit readings within a fraction of à degree. 

The magnetic coupling between В and Е can be replaced by a 
resistance and capacity coupling. 

Naturally the frequency in the coil B should be equal to that 
of the generator of polyphase oscillations. This condition is 
easily obtained by producing the oscillations of the system which 
contains B by the generator itself. If, for instance, it is desirable 
to study the variations of the phase which occurs at the differ- 
ent stages of an amplifier using triodes, this amplifier 1s supplied 
by a potential difference in a section of the circuit Ё, which deter- 
mines the reference phase. 

In case the related phases in the different circuits of а gen- 
erator are to be investigated, the three-phase system can be 
synchronized with the generator by establishing a suitable coup- 
ling between the latter and one of the three phases. When the 
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frequencies are adjusted to be sufficiently nearly alike, they 
drive one another and oscillate synchronously. 


ACCURACY OF THE MEASUREMENTS 


The first condition for obtaining the results below is the uni- 
form proportional variation of the phase of the electromotive 
force induced in the coil M as a function of the angle thru which 
it is rotated. For this purpose it is sufficient to construct the 
coils F and M in such a way that the coefficient of mutual 
induction between M and the coil F, varies as the cosine of the 
angle between the planes of their windings. Let us call Ф, the 
flux produced in M by one of the coils F when their windings are 
parallel, and a the angle between the windings of F; and those 
of M for any position of the latter; then the entire flux which 
flows thru M in this position will be: 


Ф [cos w {соз a+cos (wt+ 120) cos (а+ 120) 
--cos (wt— 120) cos (а — 120)] 


the angle а being reckoned in the reverse direction to that of 
the variations of the phase between the coils Fi, Р, Fs. This 
expression is reduced to 


à Ф cos (wt -а) 


which establishes the proposition. 

On the other hand we have determined very general condi- 
tions for a mutual induction proportional to cos а; they are as 
follows: 

(a) The coil F should have a symmetrical plane passing thru 
the axis of rotation of M. 

(b) The coil M should be wound on a core having the shape 
of a solid of revolution around its axis of rotation. 

(c) The planes of the windings of M should be equally spaced.! 

So far we have assumed that the currents circulating in 
F;, Fa, Ез, have exactly the same intensity. Experience shows 
that polyphase oscillations can take place also when this con- 
dition is not fulfilled, if the threefold symmetry is imperfect, 
which always seems to be the case. Then the rotating field is 
elliptical, and variations in the sound heard are perceived ac- 
companying a rotation thru 360? of the coil M. This defect can be 
corrected by adjusting the different elements of the circuits: 
couplings, capacities, resistances. If the two axis of the ellipse 
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! R. Mesny, "Radiation Measurements," “Onde Electrique," volume 1 


(1922), pages 54-62. 
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C: 
of the rotating field are called a and b, th€'ear can easily perceive 
such deviation as (€ 
a—b 
a 


amounting to 1/10. Consequently, the flattening of the ellipse 
can be corrected without difficulty within the above limits. If more 
accuracy is desired, a voltmeter amplifier can be used instead of 
the ear. 

On the other hand, when the field is elliptical it is easy to 
prove that the angle «, read on the scale, or the phase of the 
electromotive force induced in M for an orientation « of this coil, 
causes an error, at most equal to the angle ғ given by the formula 
a—b 
а-ы 

It should be added that the system of coils F and M of 
the generator should be spaced carefully in order to avoid para- 
sitic inductions; a distance of 1.50 to 2 meters is suitable. It is 
also advantageous to inclose this system (F, M) in a cage of 
wire gauze. 


sine=2 


RADIATION OF A Rotary FIELD 


A rotary field can easily be radiated with this connection. 
It is sufficient to substitute for the coils vertical loops placed 
at 120° to one another. 

Under these conditions, the radiated field? is symmetrical 
about the vertical axis passing thru the central point of the 
transmitter. The vector field describes an ellipse, the plane of 
which is perpendicular to the direction of the transmitter. 

The small axis of this ellipse intersects the vertical axis of the 
field, its longer axis being horizontal; the ratio of the two is equal 
to cos 0, where @ designates the angle from the zenith of the point 
in question, as seen from the transmitter. 

As one special case, the vector field describes a circle around 
the vertical axis of the system, and is polarized horizontally near 
the ground. 

Such a transmission might serve an airplane for determining 
the direction in space of the transmitter and, consequently, for 
assisting in landing at a given point. 


The word “field” is here conceived in the sense of the space where the 
radiation takes place. 
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THE SHIELDING OF ELECTRIC AND MAGNETIC 
FIELDS* 


By 
JOHN Н. MonEcRoFT AND ALVA TURNER 


(COLUMBIA UNIVERSITY, NEW YORK) 


An examination of the past PRocEEDINGS of this INSTITUTE 
shows no papers on the question of shielding; as the subject is 
becoming of increasing importance in radio apparatus it seems 
worth while to bring up a discussion of the matter at this time. 
The theory and experiments reported in this paper make no pre- 
tense at completeness, but they do serve, however, to point out 
some of the essential principles and to give data which appar- 
ently is not available elsewhere. 

The general question of shielding naturally falls into two 
general classes: shielding against steady or constant fields and 
shielding against changing fields. The former is comparatively 
simple, from both theoretical and experimental viewpoints, 
whereas the latter can in general not be handled from the theoreti- 
cal viewpoint except in an approximate manner. It is here, 
therefore, that experimental evidence is most needed and most 
of the experimental work following falls into this class. 


CoNsTANT MAGNETIC FIELDS 

Shielding against constant magnetic fields falls into two 
classes according to the way in which the field is set up; if by a 
permanent magnet one treatment is possible, whereas an electro- 
magnetic field may demand entirely different treatment. 

The flux from à permanent magnet is fixed in quantity; it 
can be neither increased nor decreased by changes in the sur- 
rounding conditions. Advantage is taken of this fact in the gen- 
eral scheme of shielding; the space to be shielded may be sur- 
rounded by a shield of highly permeable material (iron) and most 
of the flux will be diverted from the space to be shielded. Figure 
1 shows the flux distribution after introducing an iron shell into 
the field of à permanent magnet. Тһе shielding is not perfect 

* Received by the Editor, December 16, 1924. Presented before Tue 
INSTITUTE OF RADIO ENGINEERS, New York, December 17, 1924. 
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because any two points in the iron shell (A and B) must be at a 
difference of magnetic potential equal to the product of the flux 
and the reluctance of the intervening magnetic path. Because 
of this difference of potential there will be some flux from A to B. 
The amount of this flux can be kept low by reducing the magnetic 
potential between А and B, and this in turn is kept low by using 
а thick iron shield, or still better, а series of shields are inside 
the other.! 


FIGURE 1 


Where а comparatively large space is to be shielded from a 
uniform magnetic field such as that of the earth, Helmholtz's 
coils accomplish the purpose very well. The space to be shielded 
from the parallel field is indicated in Figure 2. Two large cir- 
cular coils, A and B are placed co-axially, and their axis coin- 
cides with the direction of the earth's field; by sending a suf- 
ficient current, in the right direction, thru these coils the desired 
shielding effect is obtained. It is comparatively easy to reduce 
the earth's field by this method to less than 1 percent of its nor- 
mal value. | 

If а conductor is carrying current a flux will be set up around 
the conductor. The amount of this flux is not fixed (for a given 
current), as was the case for the permanent magnet, but is de- 
termined by the reluctance of the magnetic circuit surrounding 
the conductor. If the space to be shielded is at А (Figure 3), 
a surrounding iron shell will accomplish the purpose; by making 
the shell sufficiently thick, any desired degree of shielding may 
be obtained. It might seem that the space A could be shielded 
by putting а heavy iron pipe around the conductor as indicated 
in Figure 4; one might think that all the flux which the conductor 
generates would go thru the low reluctance pipe leaving no flux 
to reach out in the space A. Unfortunately, such a method of 
shielding fails completely; there is just as much flux density at A 
with the iron pipe around the wire as when it is not there. 

If the conductor is located centrally in the iron pipe, the flux 


! “Phy. Rev.,” volume IX, number 4, Wills, “Оп the Magnetic Shielding 
Effect of Tri-lammelar Spherical and Cylindrical Shells.” 
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density in the air (both inside and outside the pipe) is exactly 
as it was without the pipe. The total flux surrounding the wire 
is increased because of the high permeability of the iron pipe, 
but the density of flux in the air remains unchanged. 


SHIELDED REGION 


FIGURE 2 FIGURE 3 


A general idea of the shielding accomplished by iron sheets in 
the form of pipe or otherwise may be gained from Figure 5. At 
any place +, close to the iron sheet, the flux density may be esti- 
mated by figuring the magnetic potential difference between two 
neighboring points on the shield, A and B. By supposing a 
Faraday tube to originate at A, go thru z, and end on B, the 
reluctance can be figured and the density at x then calculated. 
To shield the point x thoroly the two points A and B must be 
brought to а small potential difference, by some means or other. 
When an iron pipe completely surrounds the wire, the potential 
difference between points A and B is the same as if the pipe were 
not present. By shaping the iron in such a way that most of the 
magnetomotive force, due to the current, is used at the left side 
of the wire (Figure 5), shielding to some extent on the right side 
is made feasible. 
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This effect is shown in Figure 6; a rectangular piece of sheet 
iron 0.11 centimeters thick was bent around the wire carrying 
the current, as shown in the lower part of the diagram. Тһе 
flux at the point where shielding was desired was measured by a 
small search coil (2 centimeters in diameter), connected to a 
ballistic galvanometer. Twenty wires each carrying the same 
current were used to set up the magnetic field, the number of 
ampere conductors used being as high as 220. After the sheet 
of iron had been demagnetized the current in the wires was in- 
creased in steps, the field density was measured for each current 
value, and then the current was decreased in corresponding steps 
and the flux density again measured. This process was carried 
out both with the iron present and without it. The shielding 
is here defined as the ratio of the change in field strength, due to 
the presence of the iron, to the field strength with no iron present. 
If the iron so acts as to give no field at all at the point investi- 
gated, the shielding is perfect, or 100 percent. 
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FIGURE 6 


The shape of these curves (Figure 6) with increasing current 
indieates that the iron shield should be flat; a given length of 
iron shields better when plane than when partially surrounding 
a conductor. With decreasing current, the shielding increases 
because of the retentivity of the iron: for small values of current 
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(decreasing) the residual magnetism in the iron is sufficient com- 
pletely to neutralize the field of the currents and perfect shield- 
ing results. For currents smaller than these, the ballistic gal- 
vanometer indicates that the flux present at the flip coil was in 
the opposite direction to that set up by the current, and for very 
weak currents the shielding becomes negative. There is actually 
more flux present with the iron shield than would be there if the 
iron were not present. Тһе amount of this effect would quite 
evidently depend upon the magnetic properties (principally re- 
tentivity) of the iron used for shielding. 

We would naturally expect that the shielding obtained in 
Figure 6 would be increased if the shield were made thicker; 
such is shown to be the fact in Figure 7, where three thicknesses 
of iron were used, the shield being in tlie form of a flat plate. 
Examination of the ‘‘decreasing current" part of these curves 
shows that the density of flux set up in the shield is greater for 
the thin shield than for the thick; the total flux thru the thick 
shield is greater but the density of flux is less. 
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FIGURE 7 
CONSTANT ELECTRIC FIELDS 


The space surrounding an electric charge exhibits a radial 
field distribution, if the charge 1s isolated from other bodies; with 
increasing distance from the charge, the electric potential due to 
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the charge in question continually diminishes. Any other elec- 
tric charge brought into the electric field will be urged to move 
towards or away from the first charge, according to its polarity. 

Space in the proximity of an electric charge can be com- 
pletely shielded from its field by surrounding the space in ques- 
tion with а completely closed metal cage, as suggested in Figure 
8. Induced charges will be set up on the outer surface of the 
metal cage with such density and distribution that the net elec- 
tric field inside the cage is zero. Actually the space inside must 
be considered as influenced by both the original charge and the 
induced charges; the induced charges will always so arrange 
themselves that there is no electric field at all inside the cage. 
It is to be noted that whereas the shielding is perfect after the 
induced charges have taken up their final disposition, the en- 
closed space is not shielded while this rearrangement of charges 
is taking place. 
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FIGURE 8 


CHANGING MAGNETIC FIELDS 

Consider a solenoid (Figure 9a) carrying a changing or alter- 
nating current. At any point A in the vicinity of the solenoid 
there is a magnetic field and, due to the rate of change of this 
magnetic field, an electric field. By interposing a sheet of metal 
between the solenoid and the point A (Figure 9b), the magnetic 
field is so redistributed that practically none penetrates to A. 
In case the metal shield is of iron, the shielding action previously 
referred to (Figure5) willoccurand in addition there occurs another 
action tending to shield point A. In the metal sheet, whether 
ferromagnetic or not, there will be set up eddy currents due to the 
alternating magnetic field, and the magnetomotive force at point 
A will be the resultant due to the solenoid and that due to the 
eddy currents. With a reasonably thick metal sheet of suf- 
ficiently low resistivity, the magnetomotive force of the eddy 
currents will practically neutralize that of the solenoid, so that 
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A is practically free of magnetic field. Being free of magnetic 
field we may say in general that it is also free of the electric field, 
due to the rate of change of this magnetic field. 

The degree of shielding affected by eddy currents will be 
examined more in detail later in the paper, and experimental 
proof of the theory given. 


FIGURE 9 


А very interesting illustration of apparent shielding is indi- 
cated in Figure 10; it represents a piece of sheath-covered wire, 
such as а submarine cable. If alternating current flows in the 
wire, voltages will be induced in the sheath and current will flow 
longitudinally, if possible. Тһе formula for the mutual induc- 
tion from wire to sheath is given in any handbook. Тһе question 
may be asked—if alternating current flows in the sheath, will 
voltages be induced in the wire, these induced voltages, of course, 
being due to & changing magnetic field set up by the current in 
the sheath? 


FIGURE 10 


Now current flowing down a tubular conductor produces no 
magnetic field inside the tube, so that the apparently anomalous 
condition arises in which (if a voltage is induced in the wire) a 
voltage is induced by & changing magnetic field inside the tube 
when there is actually no magnetic field there. We must grant 
that voltage will be induced in the wire, because if there is mutual 
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induction between the wire and sheath, there must be a reciprocal 
action between the sheath and wire; mutual induction is not a one- 
way action. 

А reasonably clear idea of the induction of voltage in the wire 
by alternating current in the sheath is obtained when we con- 
ceive of the electric current as the flow of electrons, which we 
now know it to be. It bothers the student very frequently in the 
study of induced voltages to get а concept of a changing magnetic 
field bringing about a motion of electrons (electric charges) when 
he has in mind the fundamental postulate that & magnetic field 
can exert no force whatsoever on an electric charge. 

If we conceive of à magnetic field as nothing but an electric 
field in motion, the picture becomes much clearer; an electric 
field in motion 78 а magnetic field, the direction of which de- 
pends upon the direction of the electric field and the direction 
of its motion. With this picture in mind we can analyze the 
action which induces voltages in the wire of Figure 10. 

Consider two oppositely placed filament elements of the 
tubular sheath, as indicated in Figure 11. Consider that the 
electron motion in the sheath is from left to right and that the 
electrons are accelerated in this direction. "The fields of the 
electrons considered (А and B of Figure 11) are radial when they 
are stationary, or moving with constant velocity, but have back- 
ward “kinks” produced in them when the acceleration of the 
electrons takes place. These two kinks are shown in Figure 11 
and it will be at once perceived that when such a kink traveling 
out from the electron with the velocity of light reaches the 
central wire, electron C in the wire will be urged from right to 
le t because of the component of electric field in this direction. 
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We know that induced currents always occur in opposite phase 
to that of the inducing current, and this picture at once gives us 


the reason therefor. 
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This same picture shows why there is no magnetic field inside 
a tubular conductor carrying current. All the elements of the 
tube may be considered in pairs, so that whatever action the pair 
of elements in Figure 11 brings about will be duplicated by all 
other pairs. The electric field from electron A, considered inside 
the tube, is down and moving to the right; it will produce a cer- 
tain magnetic field. The electric field from B is upward and mov- 
ing to the right; it will produce a magnetic field exactly equal to 
that produced by electron A, but in the opposite direction. , The 
actual net magnetic field is, therefore, zero. Yet in ordinary 
nomenclature it is the rate of change of this field (of value con- 
stantly equal to zero) that induces the electromotive force in 
the wire of the cable. 


CHANGING ELECTRIC FIELDS . 


In discussing the shielding of electric fields we said that any 
space completely surrounded by conducting material is com- 
pletely shielded,—that the induced charges on the enclosing 
conductive cage completely neutralize the field which would 
exist without the cage. If, however, the electric charge, to which 
the field is due, is moving, the space inside the cage is not com- 
pletely shielded. Thus in Figure 12 a charge is shown moving 
toward the shielding cage; insofar as the induced charges are 
not in their steady state (for the instantaneous position of the 
inducing charge under consideration), the space inside the cage 
is not shielded. The poorer the conductivity of the cage mate- 
rial, the poorer would be the shielding, because the induced 
charges would be so much the farther from their steady state 
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FIGURE 12 


LEAKAGE OF MAGNETIC AND ELEcTRIC FIELDS 


In general, à magnetic or electric field is desired in а certain 
part of space only; thus in a transformer it is desired that all the 
magnetic field be set up in the iron core where it is intended to go, 
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and in a condenser all the electric field is supposed to be directly 
between the two sets of plates. That these conditions are not 
so is shown by the induced voltage set up in a search coil in the 
vicinity of a transformer and by the change of note in an oscil- 
lating radio receiving set, for example, when the hand is brought 
into the vicinity of the tuning condenser. 

An idea of the reason for these leakage fields may be obtained 
from the simple diagram shown in Figure 13; the coil sets up 
a magnetic field in the iron core and the magnetomotive force 
of the coil is used up thruout the different parts of the core (not 
only in that part of the core inside the coil). Knowing approxi- 
mately the flux thru the core and the reluctance of the core, the 
difference in magnetic potential between two points A and B 
can be calculated. By imagining a Faraday tube between these 
two points, the flux in the tube can be calculated from the re- 
luctance and the difference in magnetic potential between points 
A and B. "This external or leakage flux will evidently increase 
with any factor which raises the difference in magnetic potential 
between А and B, such as increasing flux density or the presence 
of а secondary coil on the right leg of the core, this coil carrying 
a current opposite in phase to that of the current in the mag- 
netizing coil. Such is the case of secondary and primary wind- 
ings of an ordinary transformer. 


FIGURE 13 FIGURE 14 


Electric leakage exists around an electric circuit for the same 
reason that magnetic leakage exists around а magnetic circuit, 
namely, a difference in electric potential between two points of 
the circuit. Thus in Figure 14 а current is made to flow around 
the circuit by the electromotive force of the battery; this emf. 
is used up all around the circuit, part of it in overcoming the re- 
sistance reaction between А and B. А hypothetical electric 
field circuit (a Faraday tube) joining A and B will have a field 
density proportional to the difference in electric potential of 
points A and B. 
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CIRCUITS WITH No LEAKAGE 


It is frequently said that the toroidal form of coil has no 
magnetic leakage, that is, no external magnetic field; such a 
form of coil is shown in Figure 15, and we may readily see that 
there is no difference in magnetic potential between two points 
A and B picked at random on the periphery of the toroid. For 
if there is а difference in potential this difference must increase 
as we increase the distance between them, and by imagining the 
two points to separate farther and farther.they will soon meet on 
the other side of the toroid. But when they meet there is evidently 
no difference in potential between them so we must conclude that 
that is never any difference in potential between them. If there 
is no difference in magnetic potential, however, between any two 
points А and B, there can be no magnetic field between them, 
and hence it is said that a toroid is а perfectly shielded magnetic 
circuit, having no external field. 


Figure 15 


As a matter of fact this is not quite true; the toroid does have 
an external field and this is perpendicular to the plane of the 
toroid, that is, perpendicular to the paper in Figure 15. The 
amount of this magnetic fields is exactly the same as tho the toroid 
were а single turn of wire of the same diameter as the average 
diameter of the actual toroidal coil. This fact, while almost 
self-evident, was verified experimentally in our tests, by meas- 
uring the voltage induced in a search coil, first from a toroid and 
than from a single turn of the same diameter. The voltage in- 
duced in the search coil was the same for the two cases within 
experimental error. 

An electric circuit around which there is no electric field (no 
electric leakage) is indicated in Figure 16a; a great number of 
cells are connected in series with an equal number of resistances 
to form a closed circuit. In such a circuit there is no difference 
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in electric potential between А and B and there will be no elec- 
tric field between these points. Another circuit in which large 
currents may be flowing and yet have no measureable difference 
of potential between any two points is shown in Figure 16b.? An 
alternating magnetic field set up by а solenoid is supposed to 
thread а copper ring, the axis of the field being perpendicular 
to the paper (in Figure 16b) and thru the centre of the ring. 
Such an alternating field will set up large currents in the ring, 
yet any two points, such as A and B, have no difference of 
potential whatsoever between them. 
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The foregoing ideas regarding leakage fields may be sum- 
marized as follows—any circuit in which the emf. (or mmf.) gen- 
erated per differential length 1s the same as that used up in the same 
length, in overcoming the resulting reactions in this part of the circuit, 
will have no external field, as no point in the circuit will be at a 
potential different from that of any other. 


A THEORY OF SHIELDING 


Leaving out of the question for the moment shields made of 
ferromagnetic materials, we may say that shielding is due to the 
eddy currents set up in the shielding material. In the general 
case, the paths of the eddy currents are not readily determined, 
so we will consider the easiest case, where the amount and posi- 
tion of the eddy current can be exactly determined. In Figure 
17 is shown a short solenoidal coil A, another coil B, and between 
them a third coil C. If the current is set up in A, the magnetic 
field from this coil will naturally reach into B and induce vol- 
tages therein. This inducing field now has to link with coil C, 

? In such circuits the potential is said to be a multiple valued function. 


having varying values as the circuit is traversed one or more times in the 
game direction. 
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however, and will set up currents therein which will tend to pre- 
vent the flux from A reaching into B. Coil C is said to be shield- 
ing coil B. The greater the eddy currents in C (up to a certain 
limit) and the more nearly they lag 180 degrees behind the cur- 
rent in А, the more perfectly is B shielded from А. 
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The extent of the shielding action can be derived as follows: 

Let M = coefficient of mutual induction between A and В 
when C is absent (that is, without C). Then the voltage induced 
in B by a current 7 in А is given by e= M je Let M' =the cor- 
respondingly defined value of M when coil C is present. Then 

/ 

we shall define the shielding as equal to "м X100 percent. 
Evidently if the shielding is perfect М”- zero and the above 
formula yields a value of 100 percent. 

To determine the shielding due to a certain arrangement, 
therefore, it is only necessary to measure the mutual induction 
with and without the shielding circuit present and to use the 
above formula. 

The best method for measuring M will depend somewhat оп 
the constants of the coils A and B and of the frequency to be 
used. At audible frequencies the best method is to measure the 
effective self-induction of the two coils A and B connected in 
series, once with the mmfs. in the same direction and again with 
the mmfs. in opposition. One-quarter of the difference of the 
two values for L so found is the mutual induction of the two 
coils, as can readily be seen by writing the equation of reactions 
of the circuit for the two cases. 

Above audible frequency the bridge method may still be used 
emploving the heterodyne method of determining when the 
bridge is balanced. At frequencies «о high that unknown errors 
creep into the bridge determination. the resonance method may 
best be used for determining the self-induction required. 
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In case the shielding circuit involves iron, the bridge scheme 
is not applicable, as will be pointed out later. 


А Suonr-CincviTED Соп, USED As SHIELD 


Let two coils of inductances Lı and 1; be connected in series 
across & voltage E, sin wt, so that the field of L; can be reversed 
with respect to that of Lı as shown in the diagram of Figure 18. 
Let a third coil L be inserted between coils 1 and 2 

The calculation of the change in mutual induction M;-; сап 
be most easily carried out by considering the induced voltage in 
the circuits. If it is supposed that one ampere (effective) of cur- 
rent is flowing in coils 1 and 2, then the induced voltage in this 
cireuit, 90 degrees behind the current, is at once а measure of 
the reactance of the circuit. In part, this induced voltage is due 
to the self-induction of coils 1 and 2, and their mutual induction, 
while the rest of the induced voltage must be due to current set 
up in coil 3 reacting back on the original circuit. 

If we consider two coils only, the second one being short- 
circuited, with a current of one ampere in coil 1, the induced 


voltage, E», in coil 2 will be о M, and the current will ве М 

2 
The component of this current 90? behind the voltage E» will be 
ud w Lo. This current will induce in circuit 1 a voltage 90° 


2? 
(© M)? 

behind itself in phase and in magnitude equal tA о І, 
and this voltage in circuit 1 will be in phase opposition to the in- 
ductance reaction in this circuit. 

The total induced voltage in circuit 1, 90? behind the cur- 
(w М)? 

p 

reactance of circuit 1. "The effective self-induction can be ob- 
tained by dividing thru this expression by w. It will be seen 
that the presence of circuit 2 diminishes the self-induction of 


NE о М \? 
circuit 1 by an amount Е j L: 


rent in this circuit is «© L,— -w Із, and this is the effective 


Z» 

The coils of Figure 18 can be treated in the same manner, 
remembering that the current in coil 3 is due to emfs. induced 
from both coils 1 and 2. 

Let Ri, Р, and Рз be the resistances of the three coils and М-?, 
M,-2’, М,-запа M,-3 the mutual inductances between coils 1 and 
2, 2and 3, and 1 and 3, М,-з representing the case in which coil 
3 is open-circuited and M;-;' the case in which the circuit of the 
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coil is closed. Assume the reversing switch to be thrown so that 
the fields of coil 1 and 2 are in the same direction and the effective 
voltage E to be such that the effective current in coils 1 and 2 
is one ampere when coil 3 is short-circuited. The effective in- 
duced voltage in coil 3 due to the changing current in coils 1 and 
2, and 90 degrees behind the current will be 
w (M,_-3+M2-3) 
The component of the current in coil 3 due to this voltage and 
90° behind it will be 
ө%(Мі-а--Мә-а) а 
Z3? 
The voltage in the circuit made up of coils 1 and 2, due to this 
component of current and 90? behind it, will be 
ofo (M 1-34 Ma-3)* Ls] 
23? 
This voltage will be 270? behind the опе ampere current supposed 
in the circuit of coils 1 and 2, and therefore 180? behind the in- 
ductive reaction (Li+ L;4-2 M,_2). . It can, therefore, be con- 
sidered as an inductive reaction, and the effective inductive reac- 
tion in the circuit containing coils 1 and 2 is decreased by it to 
the value given by 


ve (L, +[.+2 M,_2) — 


ce? ( M .34- M 5 3)?L.] 
xc P ME 
The effective inductance in this circuit when coil 3 is short cir- 
cuited is therefore 
L'' =1л+1Һ+2М\—2— MEM (1) 
3 
When the reversing switch is thrown so that the electro- 
magnetic lines of force linking coil 2 are in the opposite direction 
to those linking coil 1, and coil 3 15 short circuited, the voltage in 
coil 3 due to the one ampere current in coil 2 is opposite in phase 
to that due to this current in coil 1. Тһе effective voltage іп 
coil 3 due to one ampere in coil 1 and 2, and 90? behind it will be 
Ә(Мі-а-Моә-а). The component of the current іп-сой 3, 90 
behind this voltage, will be 
e (Mi-3— Me_3)Ls 
Z3! 
The voltage induced in coils 1 and 2 due to this component of 
current and 90? behind it will be 
fo? (Mi.3— M3 3)? Ls! 
Z4? 
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Ав in the preceding case, this voltage will be 180? behind the 
inductive reaction and the effective inductance in this circuit 
when coil 3 is short-circuited is therefore 


а) w?(My_ a=. М2- -3)! Ls 


LU bol; Mi. 2“ (2) 
23? 
The effective mutual inductance between coils 1 and 2, М№,_›', 
| L” ap . 
is~ 1 — and from equations (1) and (2) 
Мыз-М olay „М 
1-2” 1-277 g 2 141-3 М2-з 


The change in the mutual inductance between coils 1 and 2, 
due to coil 3, which is short-circuited, is therefore 


2 
A Mi-;- Mi 5- M, = T Mia M2-3 (3) 
3 
Expressing the mutual inductances in terms of the coefficients 
of coupling of their respective coils, we have 


Мі-з-і1-2Ұ/1, Le, Му-з= зул Ls, and Мз з= Козу 1» La. 


ы аласа dM: 
The expression we shall use as a measure of shielding is — Mi-2 
1-2 
and from equation (3) and the preceding relations we have 
АМ, em Le а) 
М, 23? 
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1-2 
of coils. Also we have Z3 = Р? + (w L5)?, and w=2 х7. 

The shielding depends on the frequency of the alternating 
electromagnetic field and on the inductance and resistance of the 
shielding coil according to the expression of equation (4). The 
effect of the frequency and resistance only were examined ex- 
perimentally, as it is not feasible to vary the inductance, keeping 


where K — which is constant for a given arrangement 


the resistance constant. Theoretical values of Sed were cal- 
1-2 

culated from equation (4) using the same values of К, Ls, Rs, 

and f as were used to obtain the experimental results. 

The coils used for the experimental results were wound with 
Number 24 insulated copper wire on hard rubber forms 1.3 cm. 
wide and 12 em. in diameter. The coils used for frequencies up to 
50,000 cycles were bank wound with 4 layers of wire having the 
respective inductances Іл-0.777 mh., [= 0.782 mh., and 
Li-0.760 mh. The shielding coil L} was used for all frequencies. 
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The two coils used with L; for frequencies between 50,000 and 
100,000 cycles were bank wound with two layers of wire having 
the inductances Lı =0.2160 mh. and Г = 0.2413 mh. and the two 
used with L; for the high frequencies were single layer coils of 
inductances Lı = 0.075 mh. and 152 0.077 mh. 

The three coils were arranged with the shielding coil, L5, be- 
tween the other two coils so that the coefficient. of coupling 
between each pair was a maximum. One of the two outside coils 
was connected in series with the other by means of a reversing 
switch as shown in Figure 18. The shielding coil was connected 
in serles with a variable resistance to determine the effect of 
resistance of the shielding circuit on the amount of shielding 
obtained. The curves of Figures 19 and 20 show the theoretical 
and the experimentally determined results; they differ by amounts 
within the experimental error. 
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Usk OF SHEETS OF NON-PERMEABLE METALS AS SHIELDS 

The shielding coil, Za, was replaced by square sheets of dif- 
ferent thicknesses of copper, brass, and tin foil in this case. 

In general, shielding ік accomplished about as indieated in 
Figure 21; a sheet of conductor is interposed between the coil 
carrying current, A, and the coil B to be shielded from the eur- 
rent. The current in the shield in the case is in the form of a 
circular band having different densities 1n different parts of the 
shield about as indicated in Figure 21. The density will be 
greatest at the surface of the metal sheet next to coil A, and in 
this surface it will be greatest where it is closest to the conductors 
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of coil A. In Figure 21 an attempt to show this is made by the 
proximity of the + and — signs. 
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The curves of Figures 22, 23, and 24 give the relation between 
shielding and frequency for different thicknesses of the different 
metals between 0 and 18,000 cycles. Тһе curves of Figures 
25 and 26 show this relation for frequencies between 1,000 and 
1,000,000 cycles. Logarithmic paper was used for these two sets 
of curves due to the large range of frequencies. 

The shielding depends on the thickness of a particular kind 
of shield for a constant frequency as shown by the curves of 
Figures 27, 28, and 29. 

The effective resistance of coils 1 and 2 depends somewhat 
on the frequency of the alternating electromagnetic field when the 
shield is between the coils and the fields of the coils are in the 
same direction. The curves of Figures 30, 31, and 32 show this 
relation for copper, brass, and tin foil as shields. 

It is to be noticed that for a given frequency a definite thick- 
ness of shield introduced a maximum resistance into the shielded 
circuit. 
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The shielding depends on the resistivity of the shielding 
metal for a definite frequency and thickness as shown by the 
curves of Figure 33. 

The conclusion to be drawn from these results is that maxi- 
mum shielding with minimum increased resistance is obtained by 
using a thick sheet of material of high conductivity. 


498 


ЖИИ 


МЕМ 
VW 


WELEWYXE 
LII ITIJN MW E 


16 оого 0024 0028 0032 
FIGURE 29 


Resistar e caused b nelding ^| | | шш 


pe | 
60 [= — — 5. Tpe] = төрді телген 
2 | | Thickness | ME ШЖШ men 
о | Curves | 0031 ¢m | | г 
50 = 2 © 71 +~ | À E sedi 
ы | 4 O216 | 
| | 6 
40 z + quie 7 
vV 
a Ж | | | | 
201% A 1 фек ==} ! t реу 
3 | | | ' | | 
= ыыы m же. | i: Е 
a Ғы | | | NM 
"LEM i а Rds; " th 3 | [p 
АҚЫ 72272217... ° Circuit Resistance wi | | 
1 ш. ех ield | E 
à | FREQUENCY nt] | 


2000 4000 6000 8000 10000 12000 14000 16000 


FIGURE 30 


POSITION OF SHIELDING PLATE 

The square sheet of metal used for a shield was arranged in 
each ease so that its center coincided approximately with the 
intersection of the line joining the centers of the two coils and 
the plane of the shield. The shield was moved about, keeping 
the coils in the same position with respect to each other and no 
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difference in the shielding effect was noticed until less than a half 
an inch of the shield was extending outside of the coils on one 
side. This was tried with copper and zinc and the results were 
the same. 


EFFECT ОЕ SHAPE OF SHIELDING PLATE 
A sheet of copper 0.021 ст. thick was slit diametrically across 


М,» 


the effective shielding area and - was obtained for 1,000 


1-2 
cycles. The result was 4 percent less than that for the same sheet 
without the slit. A second diametrical slit was made in this sheet 


of copper at right angles to the first slit and UT was obtained 
M 1-2 

for the same frequency, giving a result 4 percent less than that 

for one slit. 

An ordinary piece of copper mesh was used as a shield for 
different frequencies, and the results showed very little shielding 
effect. A border of solder 0.5 em. wide was put around the edge 
of this shield so as to make good contact between the ends of the 
wires, and the shielding was increased approximately 75 percent. 

In one case where a high degree of shielding was necessary, 
all the apparatus was mounted on a heavy copper plate, and a 
heavy copper box arranged to lower over the apparatus, to rest 
on the copper plate. Altho the fit was reasonably good, the 
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shielding was comparatively poor. Some copper strips’ were 
soldered on the base plate of copper to make a ditch into which 
mercury could be poured; the ditch of ihercüry was so placed that 
the lower edge of the copper coyér rested in the mercury. . The 
shielding was now nearly perfect and the idea to be derived from 
this experience may be stated as follows: if shielding is to be ob- 
tained by eddy currents, they must be free to flow as they will. “Any 
imperfect joint in the shield, which tends to constrain the eddy 
currents to restricted paths, will seriously interfere with: the 
shielding obtainable. 


THE CASE WHICH MAKES USE or SHEETS OF IRON AS A SHIELD 


When iron is used as the shield, the previously-described 
method of measuring the shielding leads to anomalous results; 
thus the two coils, connected in series, having an iron plate 
between them for shield may have an effective self-induction 
greater when their mmfs. are in opposition than when they are 
in conjunction. 

To measure the shielding in such a case, the apparatus was 
arranged as in Figure 21; coil A is connected to a source of vari- 
able frequency thru an ammeter and coil В is connected to'a 
vacuum tube voltmeter. The mutual induction between the 
two is proportional to the voltage induced in coil B, the current 
and frequency used in coil A. Now the current and frequency of 
coil A being maintained constant, the iron shield was slipped 
between the two coils and the voltage induced in coil B was again 
measured. If the shielding were perfect, no voltage would be in- 
duced in B; the shielding is given by the ratio of the difference 
of the two voltages to the original voltage. 

As was the case for other shielding metals, it would be ex- 
pected that the shielding would increase in amount as the iron 
was increased in thickness; such is shown to be the case in Figure 
34. At the lower frequencies the degree of shielding will depend 
upon the permeability of the iron, and, as this varies greatly 
with different kinds of iron and the amount of magnetomotive 
force used, the results of Figure 34 can be used in а qualitative 
way only. 

At low frequencies where the eddy currents do not assure very 
effective shielding, the iron may be expected to show up as the 
superior shield because of the effect referred to in connection 
with Figure 5. At high frequencies the copper, allowing larger 
eddy currents to flow, might be expected to show up as the bet- 
ter shield, and such is shown to be the case in Figure 35, which 
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figure shows how iroh and copper compare thruout the range of 
-audible frequencies. 
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CONCLUSIONS 

The theoretical and experimental results, when a short-cir- 
cuited coil was used for a shield, show that: 

1. The shielding is zero when either the inductance of the 
shielding coil or the frequency of the alternating electromagnetic 
field is zero, and is perfect when the resistance of the shielding 
coil is zero. 

2. When the frequency of the alternating electromagnetic 
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field and the inductance of the shielding coil remain constant and 
the resistance in the circuit with this coil is varied, the shielding 
decreases, approaching zero as the resistance becomes larger. 

3. When the resistance and inductance of the shielding coil 
remain constant and the frequency of the electromagnetic field 
is varied, the shielding increases, approaching a limit as the fre- 
quency becomes very large. This limit is small for large values 
of the shielding coil resistance and approaches perfect shielding 
for small values of this resistance. 

4. When the frequency of the alternating electromagnetic 
field and the resistance of the shielding coil remain constant and 
the inductance of this coil is varied, the shielding increases 
approaching a limit as the inductance becomes large. This limit 
is small for large values of the shielding coil resistance and 
approaches perfect shielding when this resistance is small. 

The results, when sheets of non-permeable metals were used 
as shields, show that: 

1. When the resistivity and thickness of the metal remain 
constant and the frequency of the alternating electromagnetic 
field varies, the shielding increases approaching values close to 
unity as the frequency becomes infinitely large. 

2. When the frequency of the alternating electromagnetic 
field and the resistivity of the metal remain constant and the 
thickness of the shield is varied, the shielding increases and 
approaches perfect shielding as the thickness increases. 

3. When the frequency of the alternating electromagnetic 
field and the thickness of the metal remain constant and the 
resistivity is varied, the shielding decreases with an increase in 
resistivity. 

4. Shielding is always accompanied by an increase in the 
resistance of the shielded circuit; for & given kind of metal at 
any specified frequency а certain thickness of shield introduces 
a maximum resistance into the shielded circuit. Тһе thickness 
of shield which gives maximum added resistance to the shielded 
circuit decreases as the frequency increases. 

9. The effective shielding area of the sheet of metal is that 
which cuts the electromagnetic lines of force within the coil. 

6. The shielding qualities of а sheet of metal are decreased 
by slits across the effective shielding area of the metal, which 
constrain the eddy currents to flow in other than the natural 
paths. 

7. The shielding of copper mesh against electromagnetic 
induction depends on the connections between the wires of the 
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mesh so that good connections cause good shielding and poor 


connections cause poor shielding. 
8. Тһе results for a permeable metal show that the shielding 


may be better or poorer than that afforded by copper, depending 
upon the frequency of the alternating electromagnetie field, the 
thickness, and resistivity of the metal of the shield. 


SUMMARY: Ап experimental investigation of the shielding of electric and 
magnetic fields is reported, for both constant and changing fields. 

The effect of using iron shells, or sheets, for shielding against the fields 
of permanent magnets, as well as those set up by electric currents, is consid- 
ered; the best form for the iron sheets is deduced and an expression for a meas- 
ure of the shielding action is suggested. 

The reason for the leakage of magnetic and electric fields is shown to be 
due to differences of magnetic or electric potentials in the circuit in which the 
fluxes are being set up; several cases are cited in which no external fields are 
set up, as the circuits exhibit no differences in potential. 

An expression for the shielding effect of a short-circuited coil is deduced 
and experimental verification is offered for frequencies between 10? and 10? 
cycles per second. 

Finally the shielding effect of metal sheets against changing magnetic 
fields is analyzed and experimental results are given to show how the action 
depends upon the characteristics of the material of which the shielding plate 
is made, its thickness, and upon the frequency being used. The effect of slits 
in the metal sheet, and the value of wire mesh, is indicated. 
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"THE STRAIGHT-LINE FREQUENCY" VARIABLE 
CONDENSER* 


By 
Henry C. FORBES 


(CoLoNiaL Rapio CORPORATION, NEW YORK) 


The type of rotary variable condenser having its plates so 
shaped that the graph of the relation between the frequency of 
the current in the circuit in which it is connected, and the angle 
of rotation of the condenser, is a straight line, possesses several 
advantages. Perhaps the first of these is that a direct scale 
calibration of the condenser in terms of frequency will be of 
uniform spacing; that is, each division of the scale will represent 
a certain number of cycles, this number being constant over the 
range of the condenser. 

Under the system used at the present time in this country, 
there are assigned approximately one hundred communication 
channels to the broadcast service, extending from a frequency of 
550 ke. to 1,500 kc. (546 to 200 meters, respectively), each with 
a frequency difference of approximately 10 kc. It is then quite 
convenient so to construct а variable condenser for use as а 
tuning element in a transmitting or receiving circuit that each 
division on the scale shall represent ten kilocycles. Since it is 
customary to use scales with one hundred divisions to а 180? 
angle of rotation, this arrangement will permit the frequency 
range of the broadcast service to be included within the one 
hundred divisions on the scale and allow a slight over-lap at 
either end. 

The shape of plate for a condenser which will tune a circuit 
in this manner is dependent upon the constants of the particular 
eircuit in which it is to be used. This will be shown in the devel- 
opment which follows: | 

The fundamental condition for a straight-line frequency con- 
denser is that: 

Af _ 
A mi: (1) 

* Received by the Editor, January 21, 1925. 
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where Af-cycles per division 
A 0 — angular measure of one division 
K =a constant 
Expressed as differentials, we have: 
ау--Ка0 (2) 
In & tuned circuit, 
ек REC га 
^3: /L6^ VC 
where f=frequency 
C — capacity of tuned circuit 
L —inductance of tuned circuit 


] 
M уя | ЖЕТ ‘able С. 
D "TVA a constant of the circuit for variable C 
D 
Integrating МЫ C ---К08--В 


Determining the value of В: 
when 0-0, C=C, 


D 
Hence Sol 
D 2 
and (se (3) 
L4 К Ө 
xS 


where С, = сарасу in tuned circuit at zero setting of condenser. 
The capacity of a multi-plate air condenser neglecting the 
edge effects 1s: 


C -nkA 
where п = number of dielectric spaces 
107"! 
К---- 5 
36zd' а constant 


d = қар between plates 
A — active area of each plate. 


In the rotary plate condenser this becomes: 


C- HE da (4) 


where r=radius vector to edge of rotary plate at the angular 
setting 0. 
Equating (3) and (4), and differentiating: 
m RS виза си еер d 0 
que 2 D. Kp (а-ы) 
V Co Vo 
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or 4D ——— 
pem. сыш шш» 


riel- 2- ol 
UU [RVC | 
To take account of the customary cut-out of the stationary 
plates, we have: 


S e sni (5) 
En 


which is the equation of the desired rotary plate when 
1 
Р = dep a circuit constant for variable C. 


Kal df ala — Пою 


, cycles per radian on condenser scale. 


d t z 
n=number of dielectric spaces in condenser. 
107!! | 
k=. —,a constant for the capacity of the condenser. 


30 zd 
(C, —total capacity in circuit when 0 = 0. 
И = angle of rotation of rotor plates. 
г = radius of cut-out on stationary plates. 
d = air-gap between plates. 
All dimensions are in centimeters, the inductance is in henrys, 
the capacity in farads, and the angles are expressed in radians. 
The capaeity of the condenser alone, at any angular position 
of the rotor, 4, is: | 
oF 7, ИК +e Д 
RKW 7 
ve cir] 


SUMMARY: The equation for the shape of the rotary plates in a rotary 
variable condenser is developed so that the frequency —angular setting charac- 
teristic is a straight line. The equation for the capacity of this condenser at 
any angular setting is also given. 


—C, (6) 
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CALCULATION OF THE MUTUAL INDUCTANCE OF 
CO-AXIAL CYLINDRICAL COILS OF SMALL RADIAL 
DEPTH* 


By 
Е. B. VocpEs 
(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, 
NEW YORK) 

Many radio circuits utilize the mutual inductance between 
co-axial cylindrical coils of small radial depth. 

If a set of curves, similar to Figure la, showing the mutual 
inductance between co-axial circles is available, the mutual in- 
ductance of such coils may be estimated quite rapidly by a simple 
process of summation. The method of constructing such curves 
is deseribed in a recent publication of the Bureau of Standards! 
and several examples are given. 

Figure la differs from these curves only in that it is made 
slightly more convenient for the purpose at hand, by adding in- 
termediate curves. The process of summation referred to is 
accomplished by dividing the coils into a number of parts, de- 
termining the mutual inductance between the parts separately, 
and then adding the values so obtained to get the total. This 
is very rapidly accomplished if a templet representing the coils 
drawn to scale is constructed. Cutting out this templet and slid- 
ing it over the curves gives the mutual inductances of the parts 
and all that remains to be done is to sum them up and make 
allowance for the scale and numbers of turns in the coils. 

Figure 1b illustrates such a templet representing two coils 
"A" and “B.” Coil “A” has a radius of 10 em. (3.94 in.) and 
length of 8 em. (3.15 in.) and contains 85 turns. Coil "B" has 
a radius of 13 em. (5.12 in.) and length of 5 em. (1.97 іп.) and con- 
tains 62 turns. Coil “A” is drawn to such a seale that its radius 
corresponds to 1 em. in Figure la. The coil “А” has been 
divided into four sections, designated a, d», аз, ete., and coil 
“В” has been divided into three sections designated bi, ба, ete. 
—— *Received by the Editor, December 24, 1924. 

! Formulas, Tables and Curves for Computing the Mutual Inductance 


of Two Co-axial Circles," by Harvey L. Curtis and C. Matilda Sparks, “Хеіеп- 
tiic Paper 492, Bureau of Standards." 


oll 


Let №, = number of turns іп “А” 
Ng-number of turns іп “В” 
n4 = number of arbitrary sections in “А” 
пв = number of arbitrary sections in “В” 
r4=radius of сой “А” 


Then the number of turns per section is Na for “A” and Xs 
A B 


for “В” and the mutual inductance between any two sections is 
given by | 


Mab=ra Na Ng M'ab 
NANB 


where M',» is the mutual inductance of two co-axial circles ob- 
tained by application of the templet to Figure la. The mutual 
inductance of the two coils is therefore 
M-r, Na Ng MM’ a 
NANB 


For the case under consideration 


ТА = 10 М в= 62 пв = 3 
N 4 = 85 ПА = 4 
Finding the values of M'ab for the different sections gives— 
M'ajbi —5.25 M'asb, т- 8 ‚80 
М'а,Ь» =4 .25 Маз, = 6.85 
M'ajb3 = 3.45 М'азьз = 5.50 
M'asb — 6.70 M'aib — 11.40 
M'asb, = 5 .40 M'a4bs - 8. 90 
M'asb4 = 4 ; 33 М “а4б = 7 : 00 


and the sum of these is 77.83. Hence the mutual inductance is 
given by 
85 X 62 
M -10x. Ax3 
The accuracy of the results obtained is dependent on the num- 
ber of sections into which the coils are divided. In general the 
sections should be taken small enough so that the value of M'ab 
for the midpoints of the sections will be a good average for that 
function over the whole of both sections involved. 


Х77.83 --341,500 milli-microhenrys. 


SUMMARY: This note shows how the mutual inductance of coaxial cylin- 
drical coils of small radial depth may readily be obtained by the use of curves 
of a type recently described by the United States Bureau of Standards. These 
curves cover the mutual inductance between coaxial circles, and by a very 
simple process of summation their usefulness can be extended to coils of small 
radial depth. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


IssuED May 5, 1925-JuNx 30, 1925 


BY 
JOHN B. Brapy 


(PATENT Lawyer, Ouray BUILDING, WASHINGTON, DISTRICT OF COLUMBIA) 


1,529,416—F. H. Hendey and R. B. Everson, filed August 3, 
1922, issued May 26, 1925. 

RaDio DETECTOR AND PROCESS FOR MAKING THE SAME, 
wherein a detector element of a content of lead sulphide over 
90 percent by weight and a content of free lead of over 5 percent 
by weight is provided. 


1,536,453—G. W. Pickard and J. A. Proctor, filed November 8, 
1924, issued May 5, 1925. Assigned to Wireless Specialty 
Apparatus Company, Boston. 

VERNIER FOR TUNING REACTANCES more particularly for 
variable condenser in which an auxiliary condenser plate is rota- 
tably mounted on the shaft which carries the main condenser 
plates. the auxiliary condenser plate being arranged to co-operate 
with an independent plate which may be varied in its angular 
position with respect to the auxiliary plate. 


1.536,855—W. G. Houskeeper, filed July 20, 1920, issued Мау 
5, 1925. Assigned to Western Eleetrie Company, Ineor- 
porated. 

ELECTRON DiscHARGE DEVICE of high power construction, 
in which the tube electrodes are supported intermediate of the 
tube by means of a crimped metallic collar surrounding the neck 
of the glass plant within the tube. The crimped collar forms а 
substantial mounting for the electrodes within the tube. 


1,536,860— P. G. Jacobson, filed July 5, 1922, issued May 5, 1925, 
(CONDENSER Of variable capacity in which the plates are 


— 


*Received by the Editor, July 11, 1925. 
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mounted in arcuate slots distributed along supporting sleeves. 
The plates enter the slots and are secured therein in spaced 
relationship. 


1,536,954—B. R. Webster, filed April 28, 1924, issued May 5, 
1925. Assigned to Reliance Die & Stamping Company, 
Chicago. 

ELECTRIC CONDENSER of variable capacity in which the 
stationary plates and movable plates are supported by means of 
rods which extend between the end frame plates forming the con- 
denser. The plates are grooved to fit around the rods for sup- 
porting the plates in spaced relationship. 


1,536,974—G. A. Rosenfelder, filed March 3, 1924, issued May 5, 
1925. | 


CrystaL DETECTOR of cartridge construction in which ап 
insulated barrel is provided with a crystal holder at one end and 
a resilient mounting for a cat whisker at the other end. 


1,536,997—A. E. Wyatt, filed March 13, 1924, issued May 5, 
1925. 


Loop ANTENNA FRAME CONSTRUCTION which may be folded 
into a small space and the supporting arms unfolded and auto- 
matically locked in outstanding position for supporting the loop 
antenna. 


1,537,021—H. C. Rentschler, filed November 9, 1918, issued 
Мау 5, 1925. Assigned to Westinghouse Lamp Company. 


OSCILLATION GENERATOR OF THE ARC ТҮРЕ, where the arc 
takes place between electrodes disposed in an atmosphere of a 
mixture of hydrogen and mercury vapor at a relatively high 
pressure for the securing of a fine stream discharge. 


1,537,124—W. Lytton, filed February 13, 1923, issued May 12, 
1925. Assigned to Lytton, Incorporated, Chicago. 


Rapiro REcEgiviNG. DEkvicE comprising a socket which is 
arranged to receive either the usual vacuum tube or a base sup- 
porting a crystal detector. Тһе connections within the socket 
are arranged so that а crystal detector carried by the usual elec- 
tron tube base may be inserted within the socket to make con- 
nections with the radio receiving circuits. 
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1,537,228—J. O. Gargan, filed June З, 1922, issued May 12, 1925. 
Assigned to Western Electric Company, Incorporated. 


MEANS FOR CooLING CARRIER WAVE APPARATUS, in which 
the apparatus is mounted in a supporting frame in such manner 
that air currents may readily move upwardly thru the parts of 
the set for cooling the apparatus under conditions of operation. 


1,537,386—E. M. Tingley, filed November 24, 1920, issued May 
12, 1925. Assigned to General Electric Company, Schenec- 
tady, New York. 


ELECTROSTATIC CONDENSER in which the condenser stack is 
secured under pressure by clamping members which are directed 
at right angles to each other апа which are secured across oppo- 
site sides of the stack. Тһе clamps for the stack also serve as 
terminals for the condenser. 


1,537,660—W. Dubilier, filed January 31, 1924, issued May 12, 
1925. Assigned to Dubilier Condenser and Radio Боб 
tion. 


ELECTRICAL CONDENSER in which the stack is secured under 
pressure by the conjoint action of a flattened tubular casing and 
tubular rivets which extend thru the stack. The capacity of the 
condenser may be fixed to a substantially permanent value by 
reason of the pressure under which the stack is placed. 


1,537,561—F. E. Stern and J. C. Randall, filed August 16, 1922, 
issued May 12, 1925. Assigned to Stern & Company, Hart- 
ford. 


VARIABLE CONDENSER in which the semi-circular stator plates 
are supported in rail members positioned between the condenser 
plates and then the end of the rotatable spindle secured in posi- 
tion with a flat spring member which bears directly against the 
end thereof. 


1,537,609—J. V. L. Hogan, filed May 19, 1922, issued May 12, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 

Arc TRANSMISSION SYSTEM, wherein the purpose is to in- 
crease the radiation of the system. А non-sinusoidal generator 
is employed and the frequency of the main wave multiplied and 
the multiplied frequency fed in phase with a harmonic of the out- 
put of the generator to the antenna circuit. In this way the full 
power of the several frequencies is radiated. 
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NUMBER 1,587,609--Агс Transmission System 


1,537,708—W. Schottky, filed August 27, 1919, issued May 12, 
1925. Assigned to Siemens & Halske, Siemenstadt, Berlin. 


THERMIONIC VACUUM TUBE in which the reaction between 
the electron discharge and external magnetic fields surrounding 
the tube in an amplifier circuit is diminished by arranging in front 
of the anode an open work or grid shaped conductor insulated 
from the anode as well ав from the controlling grid electrode, and 
possessing а constant voltage relatively to the cathode. Тһе 
peculiar action of this protective net is explained by the fact that 
it protects electrostatically the field in the vicinity of the auxiliary 
or grid electrode against the field of the anode, while at the same 
time the field directed from the grid towards the protective net 
and partly penetrating into the space between cathode and grid 
causes а considerable part of the electrons to pass thru the grid 
even in the case where the grid is given a potential lower than that 
of the cathode. 


1,537,856—F. Michels and А. Erisman, filed September 16, 
1922, issued May 12, 1925. 


CRYSTAL DETECTOR having a tubular container enclosing a 
crystal holder and a crystal detecting element which is secured 
in fixed position with respect to the crystal for maintaining the 
adjustment of the detector under conditions of vibration. 


1,537,990—L. Espenschied, filed April 11, 1924, issued May 19, 
1925. Assigned to American Telephone and Telegraph Com- 
pany. 

METHOD OF IMPROVING BroapcasT RECEPTION by reducing 
“fading” effects. It is proposed to reduce the effects of attenua- 
tion due to the distance of the point from which the signal is 
broadcast and also to reduce the fading effect, by producing at 
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a local station in the area in which is included a large number of 
receiving points, а carrier wave of exactly the same frequency as 
that employed by a distant broadcasting station, and then broad- 
casting the wave to the various receiving sets in the local area. 
The amplitude of this wave may be made so great that the locally 
produced carrier will be quite large at each receiving point as 
compared with the amplitude of the carrier actually received 
from the broadcasting station. Тһе received signal will then be 
proportional to the product of the received side band and the 
carrier transmitted from a point in the neighborhood of the re- 
ceiving station. "This will result in receiving a signal of greater 
strength than would be possible where the signal depended upon 
the transmission of both carrier and side band from the distant 
transmitting station. 


1,538,344—Е. S. Miller, filed February 1, 1923, issued May 19, 
1925. 


VARIABLE CONDENSER having fixed and movable plates where 
the movable plates are supported on a shaft which is carried in 
a single bearing, the bearing consisting of a pair of opposed frus- 
tro-conical portions in which the rotatable shaft may be journaled 
and adjusted to bring the removable plates intermediate the 
stator plates. 


1,538,466— Louis Cohen and J. O. Mauborgne, filed October 25, 
1920, issued May 19, 1925. 


NUMBER 1,538,466—Electrical Signaling 


ELECTRICAL SIGNALING for the reception of signals without in- 
terference arising from static. The received energy is caused to act 
upon an ungrounded antenna system and pass thru & wave coil 
for producing a wave development on the wave coil. The wave 
coil is operatively associated with adjustable metal tubes which 
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are changed in position along the wave coil for the best signal 
reception. 


1,538,472—P. Crosley, Jr., filed May 23, 1921, issued May 19, 
1925. 
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CONDENSER of the book type in which one plate is hingedly 
mounted with respect to another plate and moved about a pivot 
with respect to said plate by means of a cam actuated by a shaft 
member extending thru an instrument panel. 


1,538,487—0O. Meirowsky, filed April 29, 1922, issued May 19, 
1925. 


ELECTRICAL CONDENSER of variable capacity in which the 
rotatable plate is formed by a helical member which may be 
screwed axially between a fixed plate also formed of a helical 
member for adjusting the capacity of the condenser. 


1,538,523—Le Roy W. Staunton, filed June 9, 1924, issued May 
19, 1925. Assigned to C. Brandes, Incorporated. 


GEARING FOR INSTRUMENT DIALS, in which a small attachable 
supporting member may be placed upon an instrument panel 
carrying a resilient member thereon with a rotatable friction 
wheel at the end thereof arranged to engage the instrument dial 
for rotating the instrument dial thru small angular distances. 
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NUMBER. 1,538,523— Gearing for In- 
strument Dials 


1538.570-—L. Cohen and J. О. Mauborgne, filed June 16, 1920, 
issued Мау 19, 1925. 


NUMBER 1,538,570—Electrical Signaling 


ELECTRICAL SIGNALING system for receiving radio signals, 
where an antenna is connected to one end of a resonance wave 
coil with an adjustable grounded metal tube operatively asso- 
ciated with the wave coil. A secondary take-off circuit is coupled 
with the wave coil for operation of receiving apparatus. 


1,538,666—C. M. Small, filed July 8, 1924, issued May 19, 1925. 

ELECTRIC SwitcH, which includes a lightning arrestor for the 
connection of radio apparatus with an antenna system. The 
lightning arrestor and switch are mounted together and serve to 
protect the apparatus from excessive currents arising from 
atmospheric. disturbances. 


1,538,975—F. К. Vreeland, filed August 6, 1919, issued May 19, 
1925. 


NuMBER 1,538,975—Stray Elimination in Radio Receivers 


Stray ELIMINATION IN Rapio RECEIVERS, in which a 
' baffle circuit tuned to the signal frequency is provided with a 
by-pass circuit including a reactance and an intensity selector 
co-operating to divert preferentially stray energy from the re- 
ceiving system. Тһе receiving apparatus is connected with the 
baffle circuit. 


1,539,150--О. Von Bronk, filed September 3, 1921, issued May 
26, 1925. Assigned to Gesellschaft für drahtlose Tele- 
graphie m. b. H., Hallesches, Berlin. 


RECEIVING DETECTOR FOR Rapio TELEGRAPHY, where a 
generator is provided at the receiving station with the receiving 
circuit connected to the field of the generator. A circuit is pro- 
vided connected to the armature of the generator and arranged 
to resonate simultaneously the frequencies equal to the sum and 
difference of the signal frequency and natural generator fre- 
quency. An audible frequency is thus produced of desired tone 
quality for observing the transmitted signals. 


1,539,402—H. W. Nichols, filed February 24, 1919, issued May 
26, 1925. Assigned to Western Electric Company, Incor- 
porated. 


MEANS FOR PRODUCING ELECTRICAL OSCILLATIONS, compris- 
ing an amplifier having input and output circuits, the circuits of 
which combined with the amplifier constitute a network for de- 
termining the frequency of the generated oscillations independent 
of any electrical capacity. 


1,540,176—F. P. March, filed June 23, 1922, issued June 2, 1925. 


CONDENSER of the variable capacity in which movable plates 
are mounted upon a sleeve member which is journaled to rotate 
in end plates which form the condenser frame. The sleeve mem- 
ber extends thru the end plates and the rotatable control knob is 
secured upon the sleeve member. 
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1,540,355— R. C. Mathes, filed October 20, 1919, issued June 2, 
1925. Assigned to Western Electric Company, Incorporated. 
VACUUM TuBE TEsTING DEVICE, in which a vacuum tube із 
mounted upon a vibrating table and subjected to vibratory tests 
to determine the mechanical rigidity of the mounting of the 
electrodes with the tube. Circuits are provided for testing the 
tubes after periods of vibrations to determine the effects of the 
vibratory tests thereon. 


1,540,578—H. C. Thompson, filed July 1, 1921, issued June 2, 
1925. Assigned to General Electric Company, Schenectady. 


NUMBER 1,540,578— Means for Produc- 
ing Oscillations 


MEANS FOR PRODUCING OSCILLATIONS, wherein a three- 
electrode electron tube device has an oscillatory circuit connected 
between the cathode and the grid with a source of potential in 
the output plate circuit of such value as to permit of the effective 
emission of impact electrons from the grid in sufficient amount to 
produce a negative resistance characteristic in the circuit con- 
nected thereto over a range of positive potential of the grid. The 
patent covers the particular values of grid and plate potentials 
which are desirable for the production of oscillations. 


1,540,712—L. Pungs, filed August 23, 1921, issued June 2, 1925. 
Assigned to C. Lorenz Aktiengesellschaft, Berlin-Tempelhof, 
Germany. | 

SIGNAL SENDING APPARATUS IN WAVE TELEGRAPHY, wherein 

a radio frequency machine is employed having a plurality of 
syntonizing circuits of different frequency with a coil having an 
iron core electrically connected with said circuits whereby the 
coil may be subjected to superposed magnetic continuous current 
induction, thereby varying the inductivity of the coil and chang- 
ing the conditions of resonance of the syntonizing circuits. 


521 


1,540,881—J. H. Hammond, Jr., filed J uly 9, 1918, issued June 9, 
1925. 


NuMBER 1,540,881—Receiving System for Radiant Energy 


RECEIVING SYSTEM FOR RADIANT ENERGY, in which a circuit 
is provided for producing beats for actuating a detector. A cir- 
cuit is arranged to be controlled by a detector which circuit 
reacts upon the first circuit for accentuating the beats in the 
recelving circuit. 


1,540,998—H. Plauson, filed January 13, 1921, issued June 9, 
1925. 


CONVERSION OF ATMOSPHERIC ELECTRIC ENERGY by the use 
of collecting aerial networks which are elevated in the air and 
interconnected with a circuit by which static electricity is con- 
veyed to earth in the form of direct current of high voltage and 
low current strength and converted into electrodynamic energy 
in the form of high frequency vibrations. Тһе energy derived 
from atmospheric discharge is intended to be usefully employed 
for lighting, production of heat, and for use in electro-chemistry. 


1,541,566—A. W. Hull, filed May 18, 1921, issued June 9, 1925. 
Assigned to General Electric Company, Schenectady. New 
York. 


SYSTEM FOR PRODUCING OscILLATIONS by selecting the poten- 
tial of the grid and plate electrodes of an electron tube. An emis- 
sion of secondary electrons from the grid is produced sufficient 
to cause a negative resistance characteristic in the grid circuit 
over a range of positive grid potential and thereby causing the 
generation of oscillations in the grid circuit independently of any 
coupling between the circuits and a work circuit associated with 
said plate circuit. né 
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Grid Current 


Grid Potential 


NUMBER 1,541,566—System for Pro- 
ducing Oscillations 


1,541,608—H. Abraham, filed September 3, 1921, issued June 9, 
1925. 


NuMBER 1,541,608—Radio Telegraphy 


Клро TELEGRAPHY system, by which several messages can 
be radiated simultaneously from the same antenna system. Тһе 
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several transmitters are each connected with the antenna system 
in such manner that signals are transmitted at separated fre- 
quencies without reaction of one frequency upon the others. 


1,541,630—W. Dubilier, filed April 22, 1924, issued June 9, 1925. 
Assigned to Dubilier Condenser and Radio Corporation. 


ELECTRICAL CONDENSER FOR IGNITION CincurTS, having top 
and bottom plates of insulation material and separated side 
plates joining the top and bottom plates and providing terminals. 
The stack is capable of insertion as a unit between the side plates 
for properly securing the stack in position. 


1,541,845—M. I. Pupin, filed December 11, 1915, issued June 16, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company, East Pittsburgh, Pennsylvania. 


NUMBER 1,541,845—Electrical Wave Receiving 
System 


ELECTRICAL WAVE RECEIVING SYSTEM, in which the antenna 
circuit is connected with the receiving circuit thru a recurrent 
network of similar sections. The network contains damping 
resistances in each section. The object of the invention is to 
exclude from the receiving circuit all waves which are not in- 
tended to be received. 


1,542,258—J. McMenamin, filed October 17, 1922, issued June 
16, 1925. 

MINERAL DETECTOR AND RECTIFIER FOR Rapio RECEPTION, 
which includes a mass of rectifying material and a plurality of 
insulated wires grouped at one end to form a compact mass with 
a flush face and presenting a plurality of fixed contacts opposite 
to the mineral. The wires are independently brought out for 
connection in the receiving circuit whereby the most sensitive 
junction may be utilized in the receiving circuit. 


524 


1,542,366—W. R. Brough, filed December 2, 1920, issued June 
16, 1925. Assigned to Western Electric Company. 


VacuuM Tuse Base, which consists of a sheet metal shell 
which supports a thin dise of insulating material in one end 
thereof the disc carrying terminal pins for the electron tube 
electrodes which terminal pins are arranged in the corners of a 
quadrilateral, with two of said terminal pins at different dis- 
tances from the shell. 


1,542,381—J. C. Gabriel and Arvid G. Landeen, filed June 13, 
1924, issued June 16, 1925. Assigned to Western Electric 
Company. 


Je 
NuMBER 1,542,381— Discharge Device System 


ПівснаксЕ Device Зүвтем for radio transmission, wherein 
the power amplifier tubes of the system are provided with a 
potentiometer circuit in shunt with the input circuit of the power 
amplifier, insuring a relatively large continuous flow of current 
therethru, with taps taken from a plurality of points on the 
potentiometer to connections with the grid circuits of a plurality 
of tubes in the transmitting system for controlling the negative 
grid potentials of said tubes from a single location in the system. 


1,542,385—J. E. Harris, filed October 17, 1920, issued June 16, 
1925. Assigned to Western Electric Company. 
THERMIONIC CATHODE AND METHOD OF MAKING THE SAME, 
where the cathode is formed by an alloy containing approximately 
95 percent platinum and 5 percent nickel. 
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1,542,386—R. V. L. Hartley, filed December 14, 1920, issued 
June 16, 1925. Assigned to Western Electric Company. 


VacuUM Tuse DrsiGN, in which the characteristic of the 
vacuum tube is modified so that the space current, when the 
grid potential is given increasing negative values, approaches a 
zero value more rapidly than heretofore, thereby giving а more 
accurate determination of the values of the negative grid poten- 
tial required to produce zero space current. Тһе arrangement 
of the tube circuit permits the device to be used in the measure- 
ment of alternating current potentials by means of a meter dis- 
posed in the output circuit. 


1,542,389—W. С. Houskeeper and Wm. R. Brough, filed Novem- 
ber 19, 1920, issued June 16, 1925. Assigned to Western 
Electric Company. 


VACUUM INSULATED TERMINAL for an electron tube discharge 
device where a tubular member is disposed within the vacuum 
tube and provides a passageway thru which a lead wire extends 
from the outside of the tube to one of the interior electrodes of 
the tube. 


1,542,724—0. I. Price, filed May 31, 1922, issued June 16, 1925. 


RaDio APPARATUS, in which apparatus is mounted upon an 
instrument panel by means of screw members which pass thru 
the panel and are embedded directly in the material which sup- 
ports the instruments. А variable condenser construction is 
represented in the patent as supported on the rear of the receiving 
set panel. 


1,542,937—J. H. Hammond, Jr., filed May 8, 1920, issued June 
23, 1925. 


OPTICAL INSTRUMENT for detecting objects in the dark which 
are invisible to the human eye. А receiver consisting of a thallium 
oxi-sulphide cell sensitive to light waves is provided and the 
effect of such light waves upon the object to be detected meas- 
ured by means of a receiving circuit which discloses the presence 
of such object. 


1,542,938—J. H. Hammond, Jr., filed July 9, 1920, issued June 
23, 1925. 


AUTOMATIC ANTENNA SYSTEM, particularly adapted for war- 
ship use where a plurality of antennas are provided for connection 
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with a receiving apparatus with an automatic switching system 
for connecting one antenna with the receiving apparatus in place 
of an antenna which may be shot away or otherwise destroyed. 
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NuMBER 1,542,038-Ашотайс Antenna System 


1,542,995— M. Eastham, filed October 11, 1923, issued June 23, 
1925. Assigned to General Radio Company. 


CONDENSER of the variable type in which the stator plates 
are provided with peripheral lugs angularly related to the plane 
of the plates and arranged to overlap partially correspondingly 
positioned lugs on one of the stator plates next adjacent thereto. 
The assembly of the condenser plate spaced by means of the 
peripheral lugs is intended to reduce manufacturing costs in con- 
denser construction. 


1,543,033—W. O. Snelling, filed May 20, 1922, issued June 23, 
1925. 

AN ELECTRODE for use in electron tubes in which a grid of 
electrically conducting material is provided with a light trans- 
parent metallic film connecting the individual members of the 
grid. 


1,543,325—F. Dietrich, filed December 8, 1923, issued June 23, 
1925. Assigned to C. Brandes, Incorporated. 


HEADBAND FOR TELEPHONE HEADSETS, wherein seamless 
fabric webbing is provided over the wire members which 
form the headband. The seamless fabric webbing is readily 
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manufactured and serves as а comfortable construction of head- 
band at the same time that manufacturing costs are consider- 
ably reduced. 
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FIG: 4 
NUMBER 1,543,325—-Headband for Telephone Headsets 


1,543,326—W. Dubilier, filed February 7, 1921, issued June 23, 
1925. Assigned to Dubilier Condenser and Radio Corpora- 
tion. 

CONDENSER AND CLAMP THEREFOR. The condenser com- 
prises & stack of conducting and dielectric sheets with bearing 
members engaging the opposite faces of the stack. Тһе bearing 
members are clipped together by substantially circular clamps 
which fit into grooves in the bearing members. 


1,543,475—W. S. Lemmon, filed January 14, 1920, issued June 
23, 1925. | 

RESONANT CONVERTER for producing oscillations for use in 
radio signaling systems where a direct current source is provided 
and inductance and capacity elements connected across the 
terminals of said source with an interrupter in parallel therewith. 
Ап oscillatory circuit tuned to the frequency of the alternating 
current to be produced is connected in series between the source 
and the inductance and capacity elements and arranged to co- 
operate with the interrupter for producing oscillations which may 
be impressed upon the signaling circuit. 
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NuMBER 1,543,475—Resonant Converter 


1,543,726—K. Rottgardt, filed August 26, 1921, issued June 30, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 

Rapio TRANSMISSION RECORDING SysTEM, in which the sig- 
nals which are transmitted by means of a hand key at the trans- 
mitting station are simultaneously recorded by a Morse writer. 
The Morse writer is controlled by the operation of the hand key 
to make a record of the signals being transmitted. 


1,543,872—58. Ruben, filed April 13, 1923, issued June 30, 1925. 

VacuuM TUBE APPARATUS for making and breaking a circuit 
by relay operation. The discharge device contains a cathode and 
a plurality of anodes located in the vacous space with a separate 
external circuit connecting the cathode with either of the anodes. 
Another circuit is provided within the tube which includes a gap 
located in said vacuous space and arranged to be closed and 
opened by the expansion and contraction respectively, of one of 
said anode elements. The device is used for controlling any de- 
sired electrical circuit. 


1,544,081—F. K. Vreeland, filed (original) January 2, 1907. 
This application filed October 27, 1915, issued June 30, 1925. 
Assigned to Vreeland Apparatus Company. 


TRANSMITTING INTELLIGENCE BY RADIANT ENERGY and re- 
ceiving such signals by exciting a receiving circuit by the re- 
ceived wave energy and also by an auxiliary current of a fre- 
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quency related to the frequency of the received energy as to 
produce beats therewith, and then rectifying and using this com- 
posite current to operate & receiving instrument, whereby to 
amplify the effect of the received signal. This patent contains 
broad claims on heterodyne reception. 
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NUMBER 1,544,081— Transmitting In- 
telligence by Radiant Energy 


1,544,102—P. О. Pedersen, filed June 21, 1919, issued June 30, 
1925. Assigned to Poulsen Wireless Corporation. 


AN Arc GENERATOR, including a pair of electrodes between 
which the arc is formed with a magnetic blow-out for extinguish- 
ing the arc. The shape of the electrodes is such that the arc is 
caused to increase in length periodically between the electrodes 
before it is blown out. 


1,544,133—C. C. Culver, filed June 29, 1921, issued June 30, 1926. 


А TRIDIMENSIONAL RapDIocoMPass for use in aircraft where 
a plurality of coils are provided forming a plurality of dihedral 
angles, the axes of said dihedral angles being angularly disposed 
with respect to each other and to the longitudinal axis of said 
aircraft. By use of a multiple number of coils an exact direction 
may be determined independent of the loading or angular position 
of the aircraft during flight. 


1,544,136—F. Dietrich, filed November 5, 1923, issued June 30, 
1925. Assigned to C. Brandes, Incorporated. 


ELECTRICAL CONNECTION FOR TELEPHONE HEADSETS, where 
a flexible metallic shield surrounds the telephone conductors with 
connections between telephone conductors and the magnet bob- 
bins within the receiver. The flexible shield terminates in a stay 
cord which is utilized to remove the strain from the telephone 
conductors which lead into the telephone receiver casing. 
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NUMBER 1,544,136— Electrical Connection for Telephone 
Headsets 


1,544,202— W. C. White, filed January 20, 1921, issued June 30, 
1925. Assigned to General Electric Company. 


NUMBER 1,544,202—System 
for Producing Oscillations 


SYSTEM FOR PRODUCING OSCILLATIONS by use of an electron 
tube which has an oscillating circuit coupled to a shunt circuit 
between its cathode and anode. The input and output circuits 
of the tube are coupled, but the frequency of the oscillations is 
determined principally by the constants of the oscillating circuit. 
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1,544,486—J. Sedlak, filed May 31, 1924, issued June 30, 1925. 


А SwiTcHiNG Device FoR Rapio SETS, in which connections 
are made to a panel board on the rear of a radio receiving set by 
means of a multiple blade switch co-operating with contacting 
clips which connect with the internal circuits of the radio receiver. 
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INSTITUTE ACTIVITIES 


Technical Papers Being Prepared for Early Presentation 
at New York Meetings 


Among the important papers now being written for presenta- 
tion at meetings of the INSTITUTE in New York, during the Fall 
and Winter months, are the following: “Sources of ‘A’ and ‘B’ 
Power for Broadcast Receivers," by W. E. Holland; "Progress 
in Short Wave Transmission," by Frank Conrad; “ “В” Battery 
Sources for Broadcast Receivers," by Harry Houck; a paper on 
“Primary Battery Sources of Power," by W. B. Schulte; “Radio . 
Engineering Instruction Methods," by C. M. Jansky, Jr.; ''Crys- 
tal Control in Broadcasting," by M. C. Batsel and G. L. Beers; 
* Automatic Reception of Time Signals," by L. A. Hazeltine; 
“Radio Interference Mitigation," by J. О. Smith, and “Testing 
for Trouble in Radio Broadcast Receivers," by Lee Manley. 


Institute Emblems, or Badges 


All Fellows, Members and Associates of the INSTITUTE should 
provide themselves with а badge of membership. Тһе badge is 
made in the form of a class-pin and is of 14-karat gold, beauti- 
fully finished in enamel and gold lettering. The Fellows’ badge 
is of blue lettering on а gold background, Members' badges іп 
gold letters on a blue background, and Associates' badges in gold 
lettering on a maroon background. When desired, the member's 
initials are engraved on the reverse side of the badge. 

Badges sell for $3.00 each and may be procured from the 
Secretary, THE INSTITUTE OF Нар ENGINEERS, 37 West 39th 
Street, New York. 


Papers at Section Meetings 


Members of the INSTITUTE are advised that technical papers 
dealing with radio subjects may be scheduled for presentation at 
Section meetings, when desirable, instead of being presented at 
New York meetings of the INsTITUTE. Sections now are estab- 
lished at Washington, D. C., Boston, Massachusetts, Chicago, 
Illinois, San Francisco, California, and Seattle, Washington. 

Papers intended for presentation at Section meetings may be 
forwarded to the Chairman, Mectings and Papers Committee, 
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THE INSTITUTE OF RapIo ENGINEERS, 37 West 39th Street, or 
to the Section Chairman. 


M. I. Pupin 


Dr. M. I. Pupin, elected President of the American Institute 
of Electrical Engineers for the year beginning August 1, 1925, 
is the second engineer to have attained the office of President of 
the American Institute of Electrical Engineers and President of 
THE INSTITUTE OF RADIO ENGINEERS. 

Dr. Pupin was President of the I. R. E. in the year 1917. The 
other A. I. E. E. President who served as President of THE INsTI- 
TUTE OF Rapio ENGINEERS Is Dr. А. E. Kennelly. He was at the 
head of the A. I. E. E. in 1898-1900, and of the I. R. E. in 1916. 


Auxiliary Radio Language 


The recently held International Conference of Radio Ama- 
teurs, at Paris, France, appointed & committee to study and re- 
port upon the problem of an auxiliary language for use in com- 
munication, correspondence, and comversation between members 
of the international units of the organization. About twenty 
artificial languages were considered, including Esperanto and 
Ido, as well as a few national languages. After considerable 
debate, іп which the Scandinavian representatives strongly 
urged the adoption of English as the approved auxiliary language, 
the committee reported in favor of Esperanto. 


Advertisements 


Members of the INsriTUTE will have noted the improved 
make-up and display of the advertising pages of the PRocEEDINGS 
in recent issues. The value of the PROCEEDINGS as an advertising 
medium has made it possible for the INsTITUTE to procure copy 
for a full-page advertisement from each advertiser, in each issue. 

Direct benefits will followif,in writing to advertiserson the sub- 
ject of apparatus listed or described, members of the INSTITUTE 
will mention that the advertisement was seen in the PROCEEDINGS. 


Digests of United States Radio Patents 


For some time past the PRockEEDINGS has carried a “Digest 
of United States Patents Relating to Radio Telegraphy and 
Telephony,” in the last fifteen to twenty reading pages of each 
issue. The cost of publishing this matter is considerable and the 
question will shortly be before us as to whether it 1s economically 
desirable to continue the publication of this information. 

Members of the INsTriTUTE who are interested are asked to 
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advise the Secretary whether or not this particular information 
is of real value to them. Decision in the matter will be based 
upon the views expressed or written to the Secretary. 


Institute Technical Papers 


Members of the INSTITUTE desiring to present papers should 
keep in mind that papers intended for presentation at meetings, 
or for publication, must be forwarded to the Chairman of the 
Meetings and Papers Committee, THE INsTITUTE oF RADIO 
ENGINEERS, 37 West 39th Street, New York, at least sixty days 
before the date of presentation. This is necessary in order prop- 
erly to provide for editing, scheduling, proof-reading, and printing. 


Toronto Section 


The first meeting of the proposed Toronto Section of THE 
INSTITUTE was held at the University of Toronto on the evening 
of September 25th. 


Additions to Membership 


At the September meeting of the Board of Direction there 
were elected to membership in THE INSTITUTE one Fellow, thirty 
Members, ninety-nine Associates and nine Juniors. Ten of the 
Members were transferred from the Associate grade. 


Meeting of the Board 


The September meeting of the Board of Direction was held 
at INSTITUTE headquarters, 37 West 39th Street, New York, on 
the evening of September Ist. Those in attendance were: J. H. 
Dellinger, President; Donald McNicol, Vice-President; Alfred 
N. Goldsmith, Secretary; W. F. Hubley, Treasurer, and the fol- 
lowing Managers: J. V. L. Hogan, A. E. Reoch, Melville Eastham, 
and A. H. Grebe. 
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THE EFFECT OF THE SOLAR ECLIPSE OF JANUARY 
24, 1925, ON RADIO RECEPTION* 


By 
GREENLEAF W. PickARD 
(CONSULTING ENGINEER, THE WIRELESS SPECIALTY APPARATUS COMPANY, 
Boston, MASSACHUSETTS) 
(Communication from the International Union of Scientific Radio Telegraphy) 


During the brief interval of totality, a solar eclipse euts off 
nearly all radiation over an area of several thousand square 
kilometers, and for an interval of several hours there is a material 
reduction of light over a considerable part of the earth's sunlit 
hemisphere. Тһе actual light intensity within the central 
shadow is of the same order as full moonlight; a reduction of 
of about one hundred thousand times, while in the adjacent por- 
tions of the penumbra over nine-tenths of the light is eut. off. 
It would naturally be expeeted that the effect of an eclipse upon 
radio communication would be in some wise similar to a night 
effect, altho less in magnitude because of its shorter duration and 
smaller area. 

Altho there have been solar eclipses ever since this earth had 
a moon, and radio communication for over a quarter century, 
it is only in the past twelve years that observations of the eclipse 
effect upon radio reception have been made. I have appended 
to this paper the rather meagre bibliography of this subjeet, 
which altho distinctly contradictory at first. reading, neverthe- 
less shows that a solar eclipse has a distinct effect upon the signal 
strength from a distant station. In the majority of reports of 
observations made during past eclipses, the signal intensity has 
increased during the middle of the eclipse, altho in a few in- 
stances decreased reception was observed. Most of the prior 
observations were merely ear estimates of signal intensity, and 
the large number of negative observations obtained clearly indi- 
‘ates that in general the eclipse effect is small. The ear is grossly 
insensitive to slight and relatively slow changes in. sound 1nten- 
sitv; unless the change oceurs quite abruptly a two-to-one varia- 
tion. will usually escape notice. Furthermore, the earlier eclipse 


*Received by the Editor, March 25, 1925. Presented before THe INsTI- 
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observations were mostly made on spark transmission, and we 
recognize today that such highly damped radiation does not show 
the marked fading, sunrise and sunset effects characteristic of 
continuous wave transmission, and for this reason would be less 
apt to show а well-defined eclipse effect. Тһе explanation of this 
difference is a rather obvious one, if we assume these effects are 
due to interference between different transmission paths to the 
receiver, and consider the matter from an optical standpoint. 
If we pass monochromatic light into any form of interferometer, 
the interference fringes obtained are sharply defined, but if white 
light is used the fringes become overlapping spectra, and defini- 
tion is impaired or lost. In conducting radio transmission over 
considerable distances at night, we appear to be using a gigantic 
interferometer, with some agency beyond our control continu- 
ously and irregularly changing the length of one of the paths to 
the receiver, and therefore, the penalty we now pay for the use 
of the otherwise desirable continuous or monochromatic radia- 
tion is a marked accentuation of these bothersome effects. For 
so long as we employ point sources of monochromatic radiation, 
with maximum radiation in the horizontal plane, and with single 
point receivers, every broadcasting station will have its zone of 
severe fading, and radio direction finders will continue to be 
erratic around sunrise and sunset. It is perhaps fortunate that 
we have not yet applied the simple remedies for fading to our 
broadcasting system, for if this had been done, there would have 
been no eclipse effect for me to investigate. 

In making my plans for the radio observation of the eclipse 
of January 24th, 1925, I therefore decided to confine my atten- 
tion to continuous wave transmission, and to use continuous 
recording at as many points as possible. I also decided to cen- 
ter my attention on those transmission frequencies which I had 
previously found gave the greatest night effect, and so far as was 
poss ble to space transmitters and receivers at the distance of 
maximum fading; that is, to frequencies within the present broad- 
casting band, and distances of the order of two hundred kilo- 
meters. In order that the higher frequencies should also be 
observed I asked station 2XI at Schenectady to transmit at 
approximately four megacycles, which was recorded in New 
York City, and observed at many other points. At the other 
end of the radio spectrum quantitative measurements by the 
telephone comparator method were made under Dr. Austin’s 
direction at Washington on the 57-kilocycle radiation from sta- 
tion 2Х5 at Rocky Point, Long Island, and by the American 
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Telephone and Telegraph Company on trans-Atlantic reception. 

As the object of my work was to record electric field changes, 
and not directional effects, open antennas were used at all record- 
ing stations, loosely coupled to super-heterodyne receivers. Тһе 
plate cireuit of the second detector was opened and the primary 
of an intermediate frequency transformer inserted, and the 
secondary w nding of this transformer was closed thru a crystal 
detector and the recorder galvanometer. The filament and plate 
voltages were held rigidly constant, and there was no observable 
change in voltage amplification during the five days of the 
eclipse schedule. The large open antennas employed also in- 
creased the stability of the receivers, for with the relatively large 
input available a very moderate voltage amplification sufficed. 
As I did not know how large the eclipse effect might be, I pro- 
vided a variable coupling from the antenna to the amplifier, 
calibrated in terms of galvanometer deflection. In this way not 
only could the deflection of the galvanometer be adjusted either 
way by a known amount, but the input to the receiver and also 
the output to the crystal detector was always kept within definite 
and small limits. The manual type of recorder devised by Mr. 
H. S. Shaw! was used at all of the recording stations, altho at a 
number of my observing stations frequent galvanometer readings 
were used in its place. 

Many other groups and individuals made valuable radio 
observations during the eclipse, altho these were in the main of 
a qualitative character, depending chiefly upon aural estimates 
of signal intensity. Prominent among these was the “Scientific 
American,” which by an ingeniously timed transmission from 
four broadcasting stations reached a well-organized group of 
several thousand broadcast listeners. The preliminary analysis 
of the “Scientific American" reports, to which I shall later refer, 
has brought out some very striking facts. Тһе Zenith Radio 
Company placed a portable broadcasting station аё Escanaba, 
Michigan, almost in the center of the path of totality, while the 
Edison Light Company of Boston installed their portable station 
WTAT on the Coast Guard Cutter “Tampa,” and broadcast 
an eclipse program from a point on the Atlantic Ocean just south 
of Marthas Vineyard, Massachusetts, and near the center of Фе 
shadow path. Excellent directional observations were made at 
Ithaca, New York, under the direction of Prof. Merritt of Cor- 
nell University, using stations WGY and WEAF, and a well- 

! “Short Period Variations in Radio Reception," Pickard, PROCEEDINGS 
ое THE INSTITUTE оғ Rapio ENGINEERS, Volume 12, April, 1924, Figure 2, 


page 123. 
541 


marked eclipse effect was noted. This paper must, however, deal 
principally with the records and observations made by my own 
group of stations, as the mass of outside data— some of which 
is even now coming to hand—is so vast that many months will 
be required for any useful analysis aad correlation. 

Figure 1 shows that portion of the eclipse network with 
which this paper deals. At the extreme western end is the 
Escanaba station operating at 1,120 kilocycles. Aural observa- 
tion of their transmission by hundreds of broadcast listeners gave 
as the principal eclipse effect а strengthening of the signal ap- 
proximately coinciding with maximum shadow. It is unfor- 
tunate that I did not have time to arrange for at least one con- 
tinuous record from Escabana, as the western end of the totality 
path was traversed by the shadow very shortly after sunrise, 
and the night effect was probably very strong at that time. 

Broadeasting station WGR, of the Federal Telephone and 
Telegraph Company at Buffalo, New York, operating at a fre- 
quency of 940 kilocycles; WGY of the General Electric Company 
at Schenectady, New York, 790 kilocycles; 2XI, the experimental 
station of the General Electric Company, also at Schenectady, 
and transmitting at 4 megacycles; and WBZ of the Westing- 
house Electric and Manufacturing Company, at 890 kilocycles, 
at Springfield, Massachusetts, maintained a constant and lightly 
modulated transmission from 7.30 to 11.00 A. M., 75? Meridian 
Time, on January 22nd, 23rd, 24th, 25th, and 26th, 1925. Sta- 
tion WEAF of the American Telephone and Telegraph Com- 
pany, at lower New York City, operating at 610 kilocycles, with 
250-cycle tone modulation, transmitted from 4.00 to 11.00 A. M. 
on January 23rd, 24th, and 25th. 

Under my personal direction at Ithaca, New York, records 
were made of the transmission from WGR, WGY, and WEAF. 
At Schenectady, New York, Mr. W. C. Lent, of Union College, 
made galvanometer readings of reception from WBZ on the eclipse 
morning. At Hamilton, Massachusetts, Mr. F. W. Dane, of the 
Wireless Specialty Apparatus Company, made galvanometer 
readings of reception from WGY on the mornings of January 
24th and 25th. At Fitchburg, Massachusetts, under the direc- 
tion of Mr. T. Parkinson, of the Bureau of Standards, readings 
and records of reception from WBZ and WGY were taken. At 
Leominster, Massachusetts, near Fitchburg, Mr. H. Powers took 
readings from WGY. Massachusetts Institute of Technology 
station IXM, at Cambridge, Massachusetts, under the direction 
of Prof. A. E. Kennelly, took galvanometer readings of reception 
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from WBZ on January 24th and 25th. Mr. A. F. Murray made 
records on the eclipse morning of stations WGY, WEAF, and 
WTAT at Newport, Rhode Island. At Middletown, Connecti- 
eut, records were made under the direction of Mr. H. S. Shaw 
from WGY and WBZ. At Easthampton, Long Island, a phono- 
graph record of reception from WGY was made by Dr. E. E. 
Free. At the laboratory of the Radio Corporation of America, 
in upper New York City, and well within the path of totality, 
records of WGY and 2XI were made by Mr. Arthur Van Dyck, 
on the mornings of January 22nd, 23rd, 24th, 25th, and 26th, 
under the direction of Dr. Alfred N. Goldsmith. At Washington, 
D. C., Dr. C. B. Jolliffe, of the Bureau of Standards, made records 
of reception from WGY on the 22nd, 24th, 25th, and 26th, while 
at the U. R. S. I. laboratory in Washington Dr. L. W. Austin 
supervised the measurement of field intensity from 2Х5 on the 
mornings of the 23rd and 24th. 

At Philadelphia, Pennsylvania, galvanometer readings were 
taken under the direction of Prof. Bazzoni of the University of 
Pennsylvania of reception from WGY and WEAF.  Consider- 
ably before the time of totality, reception at Philadelphia had 
fallen to its flat day-time level, and the curves do not show any 
effect which could be attributed to the eclipse. 

At McGill University, Montreal, Canada, Mr. E. L. Bieler 
observed reception from WEAF. At Montreal, however, the 
signal fell to the background level after sunrise, and the curve 
does not show any effect which could be laid to the eclipse. 

At Annapolis, Maryland, Mr. G. D. Robinson made galvano- 
meter readings at one minute intervals from WGY, on the morn- 
ings of the 24th and 25th. His results show on the eclipse morn- 
ing a distinct minimum during the middle of the eclipse, which 
was only 95 percent complete at his point. 

At the higher frequencies, in addition to the records made 
at New York City from 2XI, this same station was observed by 
Mr. F. W. Dunmore at the Bureau of Standards in Washington, 
the principal effect noted being a slight decrease іп signal during 
the maximum shadow. Major Mauborgne of the Signal Corps, 
observing in Washington, 3.5-megacycle signals from Canadian 
9AL at Toronto, observed a marked increase in signal during 
maximum eclipse at Washington. Under the direction of Dr. 
A. H. Taylor observations were made at Bellevue (near Wash- 
ington) and elsewhere on two groups of frequencies, one ranging 
from 3 to 5 megacycles, and the other above 5 megacyeles. The 
former group of frequencies showed an increase of signal strength 


543 


during the eclipse and a decrease as the sunlight returned, while 
the higher frequencies, particularly those about 7.5 megacycles, 
were effected in reverse manner, the shadow decreasing and the 
sunlightincreasingthesignal strength. Miss E. M. Zandonini of the 
Bureau of Standards, observing Washington reception of signals 
from & 2-megacycle station at Newburgh, New York, noted that 
at the time of maximum shadow in Washington there was a brief 
sharp increase in audibility. At the present time my analysis 
of the high frequency data is so far from complete that I can only 
give this general conclusion: For those frequencies and distances 
which are better by night than by day, the eclipse improved 
reception; for frequencies and distances which are normally 
better by day than by night, the eclipse decreased reception. 
In other words, the eclipse effect for the higher frequencies ap- 
pears to be & pure night effect. 

Whenever we record reception from a distant broadcasting 
station thru the day and night, we find that the record for at 
least an hour or so before and after noon is quite flat, that is, 
relatively free from fluctuations. Butanhour or more beforesunset 
the fluctuation amplitude begins to increase, and by an hour or 
two after sunset reaches approximately its normal and high night 
time value. This continues thru the night, but about an hour 
before sunrise the fluctuation amplitude begins to fall, as does 
also, tho to a lesser degree, the mean field, until at about sunrise 
the mean field has reached nearly its day time level, and the 
fluctuations have been reduced to a relatively small amplitude. 
But there are frequent exceptions to this, of which the eclipse 
morning at most receiving points was one, where the fluctuation 
amplitude remained high for a long time after sunrise. 

We must admit that there is as yet no entirely satisfactory 
explanation of these phenomena. But most of our transmission 
hypotheses are in agreement in considering the night field at 
moderate distances from the transmitter—200 kilometers for 
example—as made up of two components, one transmitted along 
a direct or low level path and the other by an indirect or high 
level route, the second path either changing continually in actual 
length or in phase. At short distances—five kilometers for 
example—the energy reaching the receiver by the indirect or 
high level path is probably negligible, while at great distances— 
1,000 kilometers for example—the high level path is the principal 
agent in forming the field at the receiver. According to this 
general assumption, & record taken thru dawn and sun- 
rise from а station two hundred kilometers distant, and 
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showing the usual gradual decrease of fluctuation amplitude, 
тау be resolved into two components, one consisting of а 
curve of mean values, and the other of fluctuation about these 
mean values. 'The mean field, taken over any interval which is 
long as compared with the most prominent fluctuation period, 
may be interpreted as an approximate measure of the reception 
along the direct path, while the fluctuation amplitude represents 
the reception by the indirect or high level path. Тһе decrease 
of fluctuation amplitude as the sunlight begins to fall thru the air 
may be taken to mean that either the high level path itself is in 
some way impaired by the effect of the sunlight, or that it is 
masked by increasing ionization below, which would attenuate 
the waves both in their ascent and descent. 
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THIS PORTION OF THE RECORD SHOWS THE MOST MARKED PORTION OF THE 

CHANGE FROM NIGHT TO DAY RECEPTION. OWING TO THE EXPANDED 
AMPLITUDE TIME SCALE OF THE RECORD IT IS NECESSARY ТО REPLOT ON A SHORTER 

2 SCALE ТО SHOW SLOW CHANGES, THE RECORD 15 DIVIDED INTO TWO 
MINUTE SECTIONS AND THE AREA BETWEEN THE CURVE AND THE ZERO 
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СО FOR EACH SECTION АМО HORIZONTAL LINES ARE DRAWN MARKING 


MEAN THE AMPLITUDE OF THE FLUCTUATIONS. AY THE LEFT 15 PLOTTEO 
ON A REDUCED TIME SCALE THE MEAN AND FLUCTUATION VALUES 
о TAKEN FROM THE RECORD STRIP ABOVE. 
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I have applied this method of analysis to all of my eclipse 
records, and the process by which this was done is sufficiently 
shown in Figure 2. Тһе original record, а portion of which 
appears in the upper part of this figure, was taken on January 
23rd at Ithaca, from station WEAF. For that particular morn- 
ing this part of the record contains the steepest part of the fall 
in fluctuation amplitude. As shown in the figure, the record 
strip is first divided into two-minute sections, and the area be- 
tween the curve and the base or zero line is measured with а 
planimeter. This area, divided by the length of the base, gives 
the mean height of the curve in that section. Repeating this 
process for each section gives a series of mean values, which when 
linked give the heavy-line curve shown on the record strip. Also, 
as indicated on the figure by the short horizontal lines, the ampli- 
tude of fluctuation in each section is measured. 

The original record, made by the manual recorder, is on a 
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rather drawn-out time scale, the motion of the paper being 
approximately 1.6 em. per minute, so that long period small 
amplitude changes do not show very well. Therefore, as shown 
in the lower left-hand part of this figure, the separated mean and 
amplitude values are replotted on a greatly condensed time 
scale. 
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The entire morning record, of which Figure 2 is a portion, 
is replotted in Figure З. The vertical line S-S marks sunrise at 
Ithaca, and, so far as the curve is concerned, apparently deter- 
mined a “ом.” About an hour before sunrise there is a marked 
peak in both curves, and preceding this, about two hours before 
sunrise there is another low. This is quite a normal before- 
sunrise performance, which was in fact repeated for this station 
on the eclipse morning. 

After sunrise, however, mornings differ greatly. At Ithaca 
the fluctuations died out soon after sunrise on the 22nd, 23rd, 
and 25th, while continuing appreciably for over two hours after 
sunrise on the 24th and 26th. At other recording points the morn- 
ings did not arrange themselves in the same order. At Wash- 
ington the 25th showed the maximum persistence of night effect 
thru the forenoon, while at New York City all the forenoon 
records, save the 24th and to a lesser degree the 22nd, are quite 
flat. If this difference is due to varying ionization below the 
high level path, it is entirely possible that lower level conditions, 
even those below the isothermal layer, are involved, in which 
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event we may find some interesting correlations with weather. 
Another possible deduction from the frequent persistence of the 
night effect thru the forenoon is that sunlight does not entirely 
wreck the high level path, but merely masksthis path by a low level 
ionization, which varies from day to day. In other words, the 
path may be there all the time, but the waves are prevented by 
low level conditions from either getting up to it, or coming down 
again. In the morning a station far to our west, and still in dark- 
ness, might deliver its waves quite freely to the high level path, but 
at our sunlit receiving point they would pass over us unobserved. 


WEAF 610 KC AT ITHACA, JAN. 24, 192 5. 
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Coming now to the eclipse records, Figure 4 is Ithaca recep- 
tion of WEAF on the eclipse morning. Тһе dotted-line portion 
of this record between 8.22 and 8.35 А. M. represents a thirteen- 
minute breakdown on the part of WEAF. Тһе mean curve 
shows а slight rise, reaching à maximum about ten minutes after 
the middle of the eclipse, which is indicated on all the eclipse 
records by a vertical line M-M. Тһе amplitude curve, on the 
other hand, shows a distinct dip before the middle, and a peak 
shortly after. It might well be said of this record that similar 
fluctuations occur àt other times, as for example at 10.25 A. M., 
and so, standing by itself, this record must be considered incon- 
clusive. 

Figure 5, of WGY reception at Ithaca, altho quite similar 
to Figure 4, shows a fall and rise of both mean and amplitude 
curves which is not duplicated at other points on this record. 
The effect is most marked, as might be expected, in the ampli- 
tude curve, which reaches a minimum value shortly before the 
middle of the eclipse, and then rises to à maximum some twelve 
minutes after. 

The record of WGR reception at Ithaca, shown in Figure 6, 
is & very striking one, the principal feature being a high and 
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sharp peak practically at the middle of the eclipse. This is the 
maximum effect obtained at any of my recording stations, and 
at first sight 1s quite different from the effect shown in the pre- 
ceding figures. Buffalo and Ithaca were both nearly in the 
middle of the shadow path, and are separated by a distance 
which is but little greater than the width of the shadow spot, 
so that for ashort time the transmitter and receiver were nearly 
joined by darkness. Another striking feature about this record 
is that, unlike the preceding figures, the mean field and ampli- 
tude rise from 8.00 to 9.10 A. M., slowly at first, and then with 
greater and greater steepness. First contact of the eclipse at 
Ithaca was at 8.00 А. M., and so, disregarding minor fluctua- 
tions, the signal intensity from WGR rose approximately at the 
rate at which the sun’s light was reduced. Апа after the middle 
of the eclipse, the intensity fell off at about the rate the light 
came on. 

Leominster and WGY are both outside and to the north of 
the shadow path, altho the eclipse was approximately 99 percent 
complete at both transmitter and receiver. The Leominster 


record of Figure 7 shows a general lowering of mean field for 
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nearly half an hour at the middle of the eclipse, and superposed 
on this general lowering is а fall before and a rise after the middle 
which resembles that shown in Figures 4 and 5. But a still more 
marked fall and rise center on 9.30 A. M., so this record is not 
by itself conclusive. 

Next to the Buffalo-Ithaca record of Figure 6, the reception 
of WGY at Hamilton, shown in Figure 8, is one of my most 
striking records. Altho the transmission path, as in the preced- 
ing figure, was wholly outside the shadow path, the fall and rise 
of both mean and amplitude curves are most strongly marked. 
The early portion of the Hamilton record shows & large night 
effect, which may be the explanation of the magnitude of the 
eclipse effect. 
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Figure 9, of WGY reception at Middletown, is not unlike 
the record shown in Figure 5. Тһе eclipse effect is clear, altho 
a similar change of greater amplitude centers on 8.30 A. M. The 
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transmission line from WGY to Middletown, as may be seen 
by reference to Figure 1, is quite similar in its relation to the 
shadow path to the line joining WGY and Ithaca, so that if 
this is any criterion, the records should be alike. 


WGY 790 КС AT MIDDLETOWN, JAN. 24, 1925. 


7Г j 
6 MEAN M e 
5 ! 
a} — . о 
3 
| AMPLITUDE 

e 
| 
о 

8 A.M. 9 M 10 

FIGURE 9 


New York City reception from WGY, shown in Figure 10, 
exhibits a mean field which rises slowly from 7.30 to 9.22 A. M., 
and then slightly declines again. The amplitude curve shows a 
marked fall before totality, and a still more marked rise after- 
ward, but similar effects appear at other points, as at 8.20 and 
10.10 A. M. The transmission here is from a transmitter out- 
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side and to the north of the shadow path, to a receiver inside 
but near the southern boundary of the path. 

Rocky Point, the transmitter of the record shown in Figure 
11, was nearly at the center of the path of totality, while the 
receiver at Washington was well outside and to the south. Тһе 
record from beginning to end, save for the eclipse effect, is flat, 
and the fall and rise is unmistakable. It should be noted that 
this record is in ordinates which are proportional to field values, 
whereas in the other records which I have shown they are in 
field-square units. The 26 percent increase at the peak of this 
curve would, therefore, correspond, on the other records, with 
an increase of about 60 percent. Reception at such a low fre- 
quency is usually quite free from the short period fluctuations so 
common to the broadcasting band, and so altho this record was 
-made from readings taken at five-minute intervals, a continuous 
record would probably have looked much the same. 
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The record shown in Figure 12 is of WGY reception at Ithaca 
on the 26th, which at this receiving point most nearly corre- 
sponds with the eclipse morning. Altho slightly irregular, it 
would be difficult to find а pseudo-eclipse effect here. 

WGY reception in New York City on the 22nd is shown in 
Figure 13. At this receiving point the morning of the 22nd most 
resembled the eclipse morning, altho it must be admitted that 
the resemblance is not very close. А pseudo-eclipse effect ap- 
pears on this record at 8.35 and another at 8.55 A. M. 

In Figure 14 I have shown Cambridge observations of WBZ 
on the 24th and 25th, which at this receiving point and for this 
particular station were similar mornings. Тһе eclipse record 
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shows the fall and rise of both mean and amplitude curves, altho 
the peak values occur nearly at the middle of the eclipse, instead 
of later. 
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Figure 15, of Schenectady reception from WBZ, shows prin- 
cipally an increase centering on the middle of the eclipse. Тһе 
smoothness of the curve before and after this increase is due to 
the fact that readings were taken аб much greater intervals on 
these parts of the curve. 
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In Figure 16 I have attempted to bring out the general 
eclipse effect by taking four of my records, multiplying in each 
record the ordinates by such a factor as would bring the ampli- 
tude at the eclipse middle to approximately the same value, and 
than making an arithmetical average of the four. Altho this 
gives rather a shot-gun pattern for the points, I think that the 
dotted-line curves which I have drawn are fairly representative. 
This figure must not be taken too literally, and there is probably 
little significance in the apparent phase difference between the 
mean and amplitude curves. 
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These morning records strongly remind one of ап ebbing tide. 
There is the same incessant, periodic wash of waves, the same 
occasional high wave, and the same difficulty at any one moment 
in deciding whether the tide is going out or coming іп. And it 
Is this very irregularity in the recession which makes it hard to 
separate the eclipse effect from a mere coincidence. Ав I have 
pointed out above, there are few of my records which, taken 
by themselves, bear an unquestionable mark of the swift passage 
of the eclipse shadow. But when in record after record, both of 
different stations at the same receiving point, and of the same 
station at different receiving points, we find repeated the same 
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fall and rise, there can be little doubt but that we have found 
at least one of the effects of а solar eclipse on radio reception. 
And having found it, there can be little question but that its 
proper name is the Nagaoka effect. For in 1914, H. Nagaoka,? 
from purely theoretical considerations? announced that the in- 
tensity of signals should be weakened as an eclipse begins, pass 
thru a minimum, rise rapidly to à maximum, and then slowly 
decrease. 

To explain satisfactorily the Nagaoka effect would require 
knowledge which we do not yet possess; detailed information 
of the pressure, composition, and ionization of our atmosphere 
at all levels, the exact effect of sunlight on this ionization, and 
finally just how the passing wave interacts with the ions. Prob- 
ably the knowledge we have gained of the eclipse effect will 


find rts immediate principal value in checking present-day trans- 


mission hypotheses. 

The transmission of radio waves thru the atmosphere is, 
of course, a purely optical matter; we are merely working in the 
extreme infra-red as compared with the visible spectrum. From 
an optical standpoint the atmosphere is а highly complex me- 
dium, with equally complex effects upon any radiation which 
traverses it. Ав the atmosphere is of greatest physical, and 
therefore optical density at the surface of the earth, and rapidly 
becomes less dense as we go aloft, it is the equivalent of a prism 
with its base on the ground, and all radiation in а horizontal 
plane is therefore curved downward. "This effect, which is prac- 
tically limited to the first few kilometers of the air, accounts for 
a curvature approximately 25 percent of that of the earth, so 
that if this globe were four times bigger that it is, and had the 
same atmosphere, all horizontally emitted radiation would main- 
tain the same level indefinitely, instead of going off at a tangent. 

Because of the presence of gas atoms, and particularly on 
account of the fact that many of these atoms are ionized or 
electrically charged, the atmosphere must be regarded as an 
imperfect dielectric; optically considered it is something between 
a transparent insulator and a metal. This imperfect dielectric 
is subjected to at least two fields which have an optical effect; 
the earth’s magnetic field, and the normal electrostatic field, 
which amounts to several hundred thousand volts across the 
whole atmosphere. Any radiation traversing the air will, there- 

?''Effeet of Solar Eclipse On Wireless Transmission," Н. Nagaoka, 
" Mathematico-Phvsieal Soc.,” Tokyo, Proc. 7, pages 423-432), December, 1914. 

з“ Ejfeet on Radio-Telegraphy of Atmospheric Ionization,” H. Nagaoka,” 
"Mathematico-Physical SNoc.," Tokyo, Proc. 7, pages 403-412, October, 1914. 
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fore, show both the Faraday and Kerr effects, that is, there will 
be & magnetic rotation of the plane of polarization of the waves 
along the direction of the magnetic field, and an analogous effect 
due to the electric field. Тһа at least one of these effects—the 
Faraday—may be а large one for radio waves has very recently 
been suggested by Messrs. Nichols and Schelleng.* 

It has been recognized for а long time that the optical proper- 
ties of metals are quite different from those of transparent sub- 
stances. А prism of glass bends light toward its base, while a 
metal prism often deviates light in the opposite direction, that 
is, it would appear that the light was propagated in the metal 
at a higher velocity than in vacuo. A very full discussion of 
this effect in metals has been given by Prof. R. W. Wood; 
which leads us directly to our most recent attempt to explain 
the bending of waves around the earth. 

One of the most promising of the many generalized explana- 
tions of the phenomena of radio transmission is the Eccles- 
Larmor* hypothesis. It appears to be the only one which has 
been numerically expressed without involving some grotesque 
amount or arrangement of ions in our upper atmosphere. Lar- 
mor first points out that true electrical conductivity in the air 
would act principally rapidly to attenuate or damp out the waves, 
and only secondarily to change their speed or course. But if the 
wave passes into a highly rarefied and only slightly ionized portion 
of the atmosphere, where the ions may be freely swayed to and 
fro by the passing wave-fields, there may be а change of speed 
without any damping of the wave. This change of speed or 
bending of the wave to conform to the earth's curvature will 
take place most effectively at some high level where the mean 
free path of the ions is so long that there may be many alter- 
nations of wave-field between two successive collisions with atoms 
or other ions. Тһе ions at this high level will, therefore, sway 
freely under the alternating field, and interact without material 
dissipation of energy, increasing the velocity of the wave with- 
out either attenuation or scattering. Finally, as the effect is pro- 
portional to the number of ions present and to the square of the 
wave-length, each transmission frequency has a different level 
for its path, and very high frequencies may travel at quite a low 
level without absorption. 

‘“Propagation of Electromagnetic Waves Over the Earth," H. W 
Nichols and J. C. Schelleng, “Science,” Volume LXI, Number 1576, pages 
288-290, March 13, 1925. 


5 "Physical Optics" 2nd Edition, 1914, pager 456-475. 
* “Philosophical Magazine,” December, 1924 
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The picture we may make of such transmission is one of radia- 
tion struggling its мау up from the transmitter. with severe 
absorption in the lower levels. particularly by дау. but finally 
reaching a level at which it bends around the earth without loss. 
forming there what may be called a wave-sheet. As this wave- 
sheet spreads out in all directions around the transmitter, energy 
is showered down from it to the surface of the earth. again sub- 
jecting itself to severe attenuation in passing the lower strata. 
At very short distances, the receiver will be principally affected 
by waves which are transmitted more or less directly and at а 
low level; at moderate distances there will be a summation of 
both directly transmitted radiation and that dropping down from 
above. while at long distances the only material field at the 
receiving point is that coming down from the wave-sheet. 

All this accords well with the observed phenomena of fading. 
At short distances there is but one path of transmission. with 
no interference and hence no fading; at moderate distances the 
fields due to the two paths are nearly equal in magnitude and so 
produce the maximum interference effect or fading. while at 
long distances the high level path is practically the only one 
to the receiver, and fading becomes much less violent. If the 
ionization which creates the wave-sheet were constant over con- 
siderable periods of time. there would be no fading. merely a 
diurnal change in intensity. At moderate distances from the 
transmitter there would be formed on the surface of the earth 
a stationary interference pattern, and a fixed receiver would 
remain in either a weak or a strong field. depending upon the 
accident of its position. At great. distances there would 
be no interference pattern, and all receivers over very con- 
siderable areas would receive practically equal and non-varving 
signals. 

But as a matter of everv-night observation, we find rather 
rapidly varving signal intensity at moderate distances, and at 
long distances a less rapid fading. It would appear from this 
that the wave-sheet was far from smooth and constant, but was 
Instead. traversed by varving indentations and bulges, due to 
non-uniform and varying ionization. At moderate distances this 
would act to vary the intensity and path-length of the high-level 
route to the receiver, producing a strong and complex interfer- 
ence with the direct-path radiation. At the longer distances, 
where the directly transmitted wave is no longer an appreciable 
factor, the corrugations in the wave-sheet would produce plural 
path transmission down to the receiver, and fading is still ob- 
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served, altho different.in character and less severe than that at 
moderate distances. 

I have already had the honor of presenting before this INsTI- 
TUTE a large number of reception records’ which fully show the 
change in fading with distance. It would naturally be expected 
that when & certain limiting distance was exceeded, there would 
be little or no change in the character of the fading, so that, save 
in the matter of intensity, there would be very little difference 
here in the East between reception from Chicago or from 
California. 


KGO OAKLAND, CALIFORNIA, 960 KC RECEIVED AT NEWTON 
CENTRE, MASSACHUSETTS. DECEMBER 3, I924. 4400 KM. 
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Figure- 17, which is а reception record taken in Newton 
Centre, Massachusetts, from KGO at Oakland, California, shows 
а fading curve which is very much like that of Chicago stations 
of similar transmission frequency. This record is also interesting 
in that it shows а low disturbance level on that particular night; 
unfortunately this is not normal at my receiving point. 

There is every reason to believe that the irregularities in the 
wave-sheet are in general small in area, and therefore individually 
affecting relatively small reception areas on the earth below. 
This is indicated by my repeated observations? of different fad- 
ing curves for slightly separated receiving points. And if the 
wave-sheet is at or near the auroral level, the non-uniform appear- 
ance and rapid motion of the auroral streamers is perhaps an 
indication that the ionization at these high levels is also non- 
uniform and rapidly moving or varying. There is in fact some 
support for the conception of a moving series of irregularities 
in the wave-sheet, which would carry a more or less constant 
interference pattern over the ground below; the fading tests con- 

7 See these PROCEEDINGS. 

* See these PROCEEDINGS. 


9“ A Study of Radio Signal Fading,” “Scientific Papers of the Bureau of 
Standards," Number 476, 1923. 
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ducted by the Bureau of Standards? indicated something of this 
sort in the so-called "traveling curves" which they discovered. 

It is always difficult to make а diagram of а generalized ex- 
planation, and altho I have attempted this in Figure 18, I trust 
no one will construe it too literally. For simplicity I have shown 
merely а cross-section of the radiation on one side of а transmit- 
ter. At short distances there is little or no fading, as there is but 
one path to the receiver. As the receiving point is moved further 


NORMAL NIGHT TRANSMISSION ACCORDING TO ECCLES-LARMOR HYPOTHESIS. 


FIGURE 18 


away from the transmitter, some energy begins to drop from 
above, and slight fading commences. I have quite uniformly found 
that at short distances—11 kilometers for example—the fading is 
not only of small amplitude as compared with the mean field!? but 
shows a predominance of the shorter periods. This might be 
explained on the supposition, as indicated by the first descending 
line on my figure, that at short distances the indirect path to the 
receiver does not go all the way up to the level of the main wave- 
sheet, and is, therefore, subjected to different and perhaps more 
frequent irregularities that at the higher levels. As the distance 
further increases, the direct and indirect paths to the receiver 
deliver fields of approximately equal amplitude, and an annulus 
of violent fading is encountered, at a distance of between one 
and two hundred kilometers. Passing beyond this, the direct 
path transmission rapidly ceases to be a material factor, and less 
severe, longer period fading is found, due to varying or moving 
irregularities in the wave-sheet, which scatter energy up or down, 
depending upon the sign of the curvature, and so produce two or 
more paths down to the receiver, with consequent interference. 
One such dent is shown at the right of the figure; actually we 
must assume that the wave-sheet is full of them. 


10 My PROCEEDINGS article, Figure 11. 
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Coming back to the eclipse, it may at first sound fanciful to 
-say that the moon’s shadow dents in the wave-sheet, dispersing 
waves both up and down, and as this dent rapidly plows its way 
across the wave-sheet it accounts for the effects shown in my 
eclipse records. But, after all, this is no more fantastic to my 
mind than are some of our earlier and still tenaciously held trans- 
mission guesses, such for example as the conducting and re- 
flecting Heaviside Layer. Тһе moon's shadow diminishes solar 
radiation thru the air, the production of ions lessens, the ions in 
the shadow begin to recombine, and the total ionization falls. 
The wave-sheet within the shadow is now at a lower level than 
before, and has been literally dented in by the shadow. 

It is evident that the distribution of wave-field on the earth's 
surface, resulting from the upward and downward deflection of 
energy at the edges of the traveling dent, will depend upon the 
relation of transmitter, shadow spot, and receiver. While, as I 
have shown above, the eclipse effect was generally a small one, yet, 
as in the instance of reception at Ithaca from Buffalo, a rather 
striking increase was found, which could hardly have escaped a 
broadcast listener's observation. At Easthampton, Long Island, 
a phonograph record of reception from WGY showed a marked 
decrease in intensity, beginning eleven minutes before totality, 
and lasting until twenty minutes after. А preliminary analysis 
of the “Scientific American" reports has clearly shown that the 
way in which the signal changed depended largely upon the 
position of the receiver with respect to the shadow path and the 
transmitter, and this may be summed up as follows: 

When the transmitter and receiver were outside and on the 
same side of the path of totality, there was а gradual increase 
in signal strength, beginning about twenty minutes before the 
eclipse middle, and falling off again some ten minutes later. If 
the decrease before the middle of the eclipse has been too slight 
or gradual for aural observation, this effect, so far as the broad- 
cast listener is concerned, appears in my records at Figures 8, 
14, and 15. 

When the transmitter and receiver were outside and on 
opposite sides of the path of totality, there was & decrease in 
signal strength beginning & few minutes before totality and 
lasting until well after. Mr. Robinson's galvanometer readings 
at Annapolis of reception from WGY show this effect. 

When both transmitter and receiver were within the path of 
totality there was а relatively sharp increase in signal strength 
practically coincident with totality, which fell off rather rapidly 
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as the sunlight returned. Ithaca reception of WGR, shown in 
Figure 6, checks this very nicely. 

In correlating my records with those of the “Scientific Amer- 
ican” and other outside agencies, it now seems that one effect, 
suitably distorted to fit each case, will explain nearly all the obser- 
vations. It is only necessary to assume that as the relative posi- 
tions of shadow, transmitter, and receiver change, the relative 
magnitude of the Nagaoka fall and rise change also. 

In Figure 19 I am once more showing something which must 
not be interpreted too literally. I have here illustrated in a gen- 
eral way how the simple Nagaoka effect will explain what are 
to the broadcast listener apparently opposite changes. In 1 the 
transmitter and receiver are both in the shadow path, and altho 
the signal first falls, and then rises, the accentuation of the rise 
makes it only part of the effect which is likely to be noted by 
the ear. In 2 the receiver is in the path, and the transmitter is 
outside, and with this arrangement my records show the fall and 
rise to be similar in magnitude. Іп 3 both transmitter and 
receiver are out of the shadow path, but on opposite sides, and 
this apparently aecentuates the drop to such an extent that to 
ear observation it is the only effect. 
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The many reports from observers of the eclipse broadcasting 
from station WTAT on the Atlantic Ocean were very kindly 
placed at my disposal by the Edison Light Company of Boston, 
and I have made a preliminary analysis of these reports, simply 
on the basis of whether or not the observer noted any change in 
intensity during the eclipse. Nearly half the reports stated that 
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there was no change in intensity, and nearly all of those noting a 
change found an increase reaching a maximum either at or 
shortly after totality. 

I have embodied these results in Figure 20, the light circles 
indicating points where observers reported no change, and the 
dark spots points where an increase was noted. It is interesting 
to find that observers only fifty kilometers from the transmitter 
reported an increase during totality. As the figure shows, the 
greater part of the transmission was over water. Broadcast 
listeners as far away as Illinois, Canada, and Florida heard the 
broadcasting on the eclipse morning, but these distant listeners 
unfortunately failed to report whether or no the intensity varied. 
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FIGURE 20 


Our experiences with low-power broadcasting stations, which 
are normally on land and working overland, are such as to make 
this daylight transmission from а hundred-watt radiophone 
transmitter rather surprising. This particular transmitter had 
often been used in the past at points on shore in the vicinity of 
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Boston, but so far as my information goes it was then never 
heard by daylight at any such distances. Altho this is probably 
in no sense an eclipse effect, it may indicate the advisability of 
anchoring all of our coastal broadcasters off shore. 

In conclusion I wish to express my appreciation of the co- 
operation so freely given by the Federal Telephone and Tele- 
graph Company, the General Electric Company, the Westing- 
house Company, the American Telephone and Telegraph Com- 
pany, and the Radio Corporation of America. Without the 
transmission from their stations this work would have been im- 
possible. I am deeply indebted to my assistants at Ithaca, 
Messrs. W. E. Bostwick, D. W. Exner, C. W. Garthlein, R. М. 
Holmes, C. J. Paddon and E. Е. Zimmerman, and for the many 
courtesies extended to me by the Department of Physics at Cor- 
nell University, where my recording station was located. I am 
very grateful to Dr. Alfred N. Goldsmith, not only for his organi- 
zation of the broadcasting stations for the eclipse schedules, but 
for the excellent recording work which was done under his direc- 
tion. I also wish to thank my associate in this work, Mr. Н. 8. 
Shaw, who personally set up and directed the recording station 
at Middletown, and the many organizations and individuals 
which sent me valuable eclipse data and records. Finally, great 
credit must be given the Bureau of Standards, which not only 
took & very active part in the work, but also acted as an efficient 
clearing house for the distribution and collection of instructions 
and data. 
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G. W. Pickarp (by letter): The records taken at the laboratory 
of the Radio Corporation of America in New York City, of the 
4-megacycle transmission from 2XI at Schenectady, could not 
be reduced and replotted in time for insertion іп my paper, so 
I therefore take this opportunity to present them. 

The transmission from 2XI was interrupted every five minutes 
by keying, and in reducing these records I have taken the mean 
value for each five-minute period. In Figure 21, which is of 
reception on the morning of January 22nd, a general decrease is 
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shown, the detector eurrent changing over ten-fold, correspond- 
ing to a field decrease of over three times. 

'The morning of January 23rd, shown in Figure 22, is strik- 
ingly different from the preceding morning, the decrease in de- 
tector current being from 1,000 to less than 0.02; a range of over 
fifty thousand times, or a change in field of over two-hundred- 
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Figure 23 is the record of the eclipse morning, and at first 
sight it appears to be a complete reversal of the Nagaoka effect. 
But the rise to the peak value at 8.05 A.M. commenced some- 
time before the first contact, and so could not be an eclipse effect. 
From 8.58 to 9.46 A.M. the note of 2XI was inaudible, and over 
this period only the background was recorded. It would seem 
than this marked decrease was an eclipse effect, for it is not 
duplicated on any of the other four morning records. 


.ХІ AT NEW YORK CITY. JAN.24, 1925. 
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FIGURE 23 


I have already mentioned the fact that WGY reception in 
New York City at 790 kilocycles gave flat records on January 
23rd, 25th, and 26th. But, as appears from Figure 22, the morn- 
ing of January 23rd was far from flat for 4-megacycle reception. 
So far as this single observation goes, one might say that it indi- 
cated transmission at a different level, agreeably according to the 
Eccle-Larmor hypothesis. Its real significance is that we need 
more such data before we can reach a definite conclusion. 

Early in my paper, I said that one would naturally expect 
the eclipse effect to be similar to a night effect. I have recently 
obtained a series of sunset records at Newton Centre, Massa- 
chusetts, from WGY at 790 kilocycles, and as it scems relevent 
here, I give in Figure 26 an average of three of these records. 
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WGY 790 KC, 225 KM, AT NEW TON CEN TRE, 
MASS, AVERAGE OF MARCH 24, 26 & 27, I925. 
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The dip at some thirty-eight minutes before sunset at Newton 
is not accidental; it appears on all the records, and altho not 
exactly at the same time on each, it was not wiped out by aver- 
aging. The rise from this dip to sunset is nearly a straight line, 
and as the ordinates of this figure are logarithmic, this means that 
the rate of detector current change was constant over this period. 
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TRANS-OCEANIC RADIOSTATION- WARSAW, POLAND* 


Bv 
WILLIAM G. LusH, Евер E. JOHNSTON, AND J. LESLIE FINCH 


(RADIO CORPORATION OF AMERICA, NEW YORK) 


HisTORY AND GENERAL FEATURES 


By №пллам G. Lusy, Engineer in charge of Construction 


In 1921, the reborn Polish State felt the necessity of having 
a system of international communication quite independent of 
the facilities of the surrounding nations; and it was decided by 
the authorities to erect a high power radio station for this purpose. 

After a proper weighing of the kinds and capacities of the 
various forms of modern equipment it was decided to entrust 
the furnishing and erecting of the necessary apparatus, together 
with the engineering supervision of the enterprise, to the Radio 
Corporation of America. 

A very considerable amount of work was required on the part 
of the Polish authorities and the executives and engineers of the 
Radio Corporation at New York in order to bring this matter 
not only into technical agreement with the very difficult condi- 
tions then obtaining for construction projects in Poland, but also 
that the project might be financed in such a manner as to be 
acceptable to both parties to the contract; which was finally 
signed on behalf of Poland on the first of August, 1921, by the 
Polish Minister at Washington, Prince Casimir Lubomirski and 
his commissioners and engineers, Stanislaw Arct, Hipolit Glivic, 
and Eugeniusz Stalinger; and on behalf of the Radio Corpora- 
tion by Mr. Edward J. Nally, as president, and Mr. Lewis 
MacConnach, as secretary. The actual work in Poland was with 
the department making the contract, the Ministry of Posts and 
Telegraphs; headed during the greater part of the time by Mr. 
Jan Moszezynski, as Minister. The contract matters were 
handled by Mr. Stalinger as Chief Engineer for the Ministry of 
Posts, Mr. Stalinger being assisted іп his work by Mr. S. 
Olszewski, the engineer appointed by the Ministry of Public 
= *Presented before THE INSTITUTE ОЕ Rapio ENGINEERS, New York, 
January 7, 1925 Received by the Editor, January 7, 1925 
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Works to take care of the building and tower construction. The 
whole work was reviewed from time to time by а council of Min- 
isters having supervisory powers. "This Council consisted of the 
Minister of Posts and Telegraphs—chairman; the Minister of 
War, the Minister of Public Works, the Minister of Finance, and 
the Minister of Commerce and Industry. 

In February of 1922 the Radio Corporation sent out Mr. 
Lush as Engineer in Charge of Construction and later Mr. 
Johnston joined the organization to take care of the receiving 
station, central office and the connecting lines with the rank of 
Assistant Engineer in Charge. He was followed by Mr. P. A. 
Baker of the General Electric Company and the latter's assist- 
ant, Mr. E. L. Marsh, who set up the transmitting set, power 
machinery, and antenna, except that the Diesel engine was 
erected by Mr. P. Derieckx of Carel Fréres, of Ghent. Mr. Finch, 
who has charge of transmitter design for the Radio Corpora- 
tion, came to Poland shortly before the completion of the station 
and took charge of adjustments, tuning and all final work prior 
to acceptance of the station by the Polish Government. 
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Figure 1— Base Section of One of the 400-foot Self-supporting 
Towers 


The problem of site for the station had been satisfactorily 
solved by the selection of a very flat open stretch of land about 
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ten kilometers from the center of Warsaw. "This land was free 
from obstructions on account of its previous use as a cleared area 
to permit gunfire from a circle of forts which surround the city 
but which are now dismantled. "This site is very well suited for 
а radio station as it is almost entirely free from vegetation of any 
height and water is met at from one to three meters below the 
surface, thus giving excellent conditions for ground connections. 


Figure 2— Three of the Towers in Construction Showing 
Cranes for Hoisting 75-foot Cross-arm Sections 
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The problem of shipments was a rather hard one. At the 
time of making the contract it was not certain as to just how 
much in the way of manufacturing facilities or the ordinary 
materials for electrical construction could be had from local or 
European sources and it was therefore necessary to make the 
shipments from the United States extremely complete. 

The shipments came thru the port of Danzig and thence by 
the Polish State Railways to Warsaw, where the material was 
reloaded to a sixty centimeter military railway which reached 
the site of the station at Fort 2A. 

The conditions in Poland were still somewhat disturbed, 
although steady improvement was noticeable. In consequence 
it was necessary for the Government to place guards over all 
shipments from the time that they left Danzig until they reached 
the ammunition casements at the fort. These casements were 
used as storehouses and proved most convenient for that pur- 
pose. In spite of the difficulties of transport and of training men 
to handle the expensive and unusual equipment, the loss by 
theft and breakage was very small. 


Ficure 3—Line of Towers Showing Half of the Antenna 


A problem of first importance was that of establishing an 
organization. "This the contract provided that the Polish Gov- 
ernment should do, but as the conditions regarding labor were 
much upset and as there were also present the difficulties which 
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are common to all governmental projects thruout the world, 
when the enterprise is of à novel sort, it was decided that the 
Radio Corporation would also undertake the handling of labor, 
reimbursement being made at actual cost. А special engineer, 
Mr. Waclaw Pogorzelski, was employed for this purpose and he 
was able to build up, as the needs of the work required, a labor 
organization entirely competent to perform the tasks in hand, 
in spite of the fact that the war had for the most part swept 
away the former supply of skilled workmen. 


FiGURE 4—Aerial View of Radio Building and Power House Taken From Top 
of Tower Nearest Station; Taken During Construction of Buildings 


Mr. Pogorzelski had spent some time in the United States 
and was, therefore, conversant with American as well as Polish 
methods, which contributed substantially towards the successful 
handling of this question. The Polish workman was found to be 
very skillful in carrying out a task once it was properly explained 
to him. While the rate of progress was not as great for any given 
amount of labor as with the highly trained personnel that we 
have in the United States, the results, under the circumstances, 
were very good and the men deserve much commendation for 
the way in which they endeavored at all times to carry out the 
recommendations and instructions of the engineers. It was 
found that the key to success in handling the labor was to keep 
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absolutely and to the letter all promises made to them in any 
way regarding conditions of working and promotion. With this 
established as a principle, we had a satisfactory amount of labor 
and were able to avoid almost all the strikes which occurred 
elsewhere during the period of construction. 

The general working arrangement was to divide the construc- 
tion into parts such as the laying of the ground wires, the instal- 
lation of the alternators, the building of the tuning coils and the 
like. With апу one division a gang of workmen would be as- 
sembled and these men would be shown their task by the en- 
gineer to whose activities this particular piece of work belonged, 
he giving his instructions thru the medium of an official furnished 
by the Government, who had a knowledge of the two languages. 
After a sufficient amount of work had been completed, one of the 
men would be selected to act as foreman and push the task to 
completion. Тһе Polish officials were each able, of course, to 
supervise several of these activities, and while they were not all 
engineers, nevertheless each man was selected for his position 
with a view to his being a part of the permanent operating force 
later. This working principle was embodied in the contract and 
was found to be as successful in practice as any that could have 
been used. 


Figure 5—General View of Completed Station, Looking West 


The building of the station itself aroused great interest. Тһе 
Pole is always interested in things which tend to increase his 
knowledge and improve his education, and it was noticeable that 
there were constant excursions to the work composed of all classes 
of society, from peasants and workmen, to the state officials. 
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The keenest interest was manifested by the students, the uni- 
versities being hard at work to introduce modern engineering 
practices of all sorts into Poland. 

While the materials for the electrical construction were sup- 
plied by the Radio Corporation, the Polish Government made its 
own contract for the buildings themselves, the boilers (Fitzmer 
and Gamper, Manufacturers, Sosnowiec, Poland), and the towers 
which were built by Rudski and Ska, of Warsaw. Тһе local 
fabrication of the towers effected а most substantial economy. 

The station buildings themselves are two in number, & power 
house and transmitting station proper. Both of these structures 
are built with thick brick walls covered with ornamental cement 
plaster on the outside and in the true architectural feeling of 
Poland, with heavy pilasters, entablatures, and heavy doors; the 
whole, however, expressing in shape and line the use for which 
the buildings are intended. Тһе interior is beautifully finished 
in flat tints and devoid of any ornamentation except that fur- 
nished by well-proportioned spaces. 
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Figure 6—Part of Ground Laying Crew, Showing Trenching 
Shovels Used in Laying Ground Wire System 


The transmitting station is а comparatively low building, 
having one story and monitor, with ventilators in the roof over 
the machinery hall. It is also furnished with a well-lighted office, 
store-room, baths, steam-heating plant and well-appointed 
machine shop, the latter equipped with an American lathe and 
the other necessary tools. 

The power house is а tall building with rather straight lines 
and two pitched roofs, the one covering the boiler-room and the 
other the machinery hall. 


Figure 7—View of Radio Station and Terminal of Une Antenna Wing, 
Station Tuning Coil, and Sleet Melting Transformers 


The erection of the towers presented somewhat of a problem 
owing to the water in the soil, which is sand and clay, but this 
was successfully overcome with the use of concrete piles where 
the condition required them. Much of the concrete was mixed 
by hand, as contractor’s machinery in Poland is not elaborate 
and everyone was used to the old method of dry ramming until 
after some time the force was sufficiently well trained to adopt 
the wet method for intricate pieces of work, such as the alternator 
foundations. | 

The staff quarters are much larger than is usual in American 
stations because under the Polish system of living each employee 
must be furnished not only with living rooms, but with a place 
to cook his food; even for those who rate only one room, a cook 
stove must be provided. Community dining-rooms, as in the 
United States, do not work well in Poland. "Therefore, two large 
apartment houses were erected at the fort, giving ample and most 
comfortable quarters. 


FIGURE 8—General View of Completed Station Looking South-east 
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Figure 9—Interior of Radio Building Showing one Alexanderson Alternator 
and the Switchboard 


It was necessary for the American personnel on this contract 
to be most particular in their dcalings with everyone in Poland 
to avoid arousing, however unintentionally, any prejudice thru 
lack of acquaintance with the customs of the country, which has 
come to have an established formal etiquette as the natural 
outcome of the many years of history which lie behind it. There- 
fore, it was found at once that some of the rough and ready 
methods of action in common use on the projects in the United 
States would not apply and it was necessary to substitute, there- 
fore, carefully thought-out ways of doing business, more in con- 
formity with Polish ideas. One very happy result of this was 
that when something had been finally decided upon it was a fixed 
matter and could be depended upon to remain unchanged. It 
should be said at this point that the representatives of the Radio 
Corporation received at all times most courteous treatment at 
the hands of the Polish Government, that there is in Poland a 
sentiment very favorable to mutual relations between Poland 
and the United States and a very high degree of confidence that 
enterprises undertaken by reputable United States concerns 
will be carried out. 

The station was opened for commercial traffic in October, 
1923, and was formally turned over to and accepted, in Novem- 
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ber, 1923, by the Polish Government in the persons of the 
President of the Republic and the Minister of Posts and Tele- 
graphs. Тһе Radio Corporation personnel remained in Poland 
for some time after this formal opening to render such assist- 
ance as might be necessary in training and advising the Polish | 


staff. 


FiGvRE 10—Interior of Power House Showing Diesel Engine and Steam 
Turbine and Switchboard in the Balcony in Background 


Ficure 11—Receiving Station Before Being Remodeled 


In conclusion to these general remarks, the writer would 
express his belief that, provided proper consideration is given 
to local conditions, and to those with whom business is done, 
Poland does not present any insurmountable difficulties in the 
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carrying out of important contracts by any American enter- 
prise which honestly intends to fulfil its moral and legal ob- 
ligations. 


TRANSMITTING STATION 


Ву J. Lesuie FiNcu, In charge of Transmitter Design 

The transmitting end of the Warsaw station embodies the 
Alexanderson system, including the Alexanderson radio fre- 
quency alternator, the magnetic amplifier, and the multiple tuned 
antenna, and is essentially the same as is used in all of the high- 
power stations of the Radio Corporation of America. Іп the 
Warsaw station two complete 200-kilowatt alternator equip- 
ments are employed. "These can be operated either singly, both 
at the same time or in parallel and will develop full power over 
a range of wave lengths from 18,000 meters to 21,000 meters. 
They are capable of operation in connection with the antenna 
at telegraphic speeds as high as 80 words (400 letters) per minute. 


Fiaure 12—Receiving Station After Compietion 


The antenna is supported by ten towers of the self-support- 
ing type. The towers are each 400 feet (123 meters) high and 
have cross arms at the top 150 feet (48 meters) long. These 
towers are placed in a straight line 1,250 feet (384 meters) apart, 
the radio building being located between the fifth and sixth 
towers. 

There are 16 antenna cables running parallel with each other 
thruout the length of the antenna. They are supported by means 
of insulators and spreaders below the cross-arms of the towers. 
These cables are brought down to anchorages at each end of the 
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antenna and also in the center between towers 5 and 6. At this 
point they are broken and the two halves are entirely insulated 
from each other, except for removable jumper connections. This 
allows the antenna to be operated either as & whole or divided 
into two halves and each half operated separately. Тһе total 
antenna has a capacity of about 0.08 microfarads and an effec- 
tive height of 84 meters. 

The tuning of the antenna is effected by means of inductors 
placed at the ends of each antenna half and adjacent to the 
towers at the intermediate points, ten inductors being used in all. 
Tne inductors are of the outdoor type, consisting of litzendraht 
cable supported in grooves in porcelain brackets which are in 
turn supported on a frame work of tubular porcelain uprights 
and copper rings. Each inductor has a total of 112 turns and an 
impedance of 18 millihenrys. This is sufficient to tune the an- 
tenna to a wave length of 23,000 meters. The ground connection 
to the inductors is made thru a remote controlled switch by means 
of which either of two predetermined taps may be selected. By 
throwing these switches one at a time and in various combina- 
tions, any one of a large number of wave lengths may be selected. 
Each alternator is connected in series with one of the inductors 
adjacent to the radio building. А variometer is also placed in 
this circuit by means of which small adjustments in wave lengths 
are made. 

The ground system is of the conductive type and consists of 
wires laid in the earth and parallel to each other. "They are laid 
at right angles to the line of the antenna and extending over 
its whole length. They extend to a distance on each side of the 
antenna of twice the height of the towers. Connection is made 
to these wires by means of buried busses and а system of over- 
head conductors which connect each of the antenna tuning in- 
ductors to the buried system at a number of different points. 

The antenna insulators are of the porcelain tube type with 
galvanized steel end fittings. Тһе units are each 53 inches (1.35 
meters) long and are equipped with aluminum corona and rain 
shields at either end. Two of these units are used in series. 

The total antenna resistance was found to be under 0.02 
ohms. Thus it is possible to obtain a total antenna current of 
over 1,400 amperes when using the two alternators in parallel. 
This is the equivalent of 120,000 meter-amperes radiation. 
Using the antenna divided and one alternator with each half, а 
total of over 700 amperes is obtained in each half and two mes- 
sages can be transmitted at one time. In practice the whole 
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часове 13—Interior of Completed Receiving Station Showing Three Long 
Wave Receivers Installed 


antenna is usually used in connection with one alternator. In 
this way a total antenna current of 1,000 amperes is obtained 
from a power input to the antenna of 200 kilowatts. 

At the wave length now employed, 18,350 meters, the antenna 
voltage with 400 kilowatts in the total antenna or with 200 kilo- 
watts in either half is over 180,000. This voltage has been used 
without difficulty under all weather conditions. It will be noted 
that this voltage is much higher above ground than that em- 
ployed in power transmission lines at the present time, since 
the 220,000-volt developments used only 127,000 volts, above 
ground. This voltage is maintained without visible corona. In 
order to maintain this condition it was necessary to protect all 
points otherwise subject to corona with suitable corona shields 
and to round off all sharp corners. The antenna cables used are 
5/16 inch (8 mm.) diameter. One such cable supported singly 
at the same height as this antenna would develop corona at less 
than 100,000 volts. In the space between the towers the indi- 
vidual cables serve to shield each other and at the towers and 
near the earth the insulator fittings, spreader members, and the 
like, act as sufficient shielding except for the cables next to the 
towers. These were shielded by paralleling the antenna cables 
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for a short distance each way from the tower with a second simi- 
lar cable. Corona оп the downleads was prevented by construc- 
ting them in the form of a rattail or cage of 5 inch (13 mm.) 
diameter. 
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FIGURE 14—Interior of Operating Room of the Central Office 


In order to remove ice from the antenna cables, which col- 
lects during sleet storms, they are arranged so they can be heated 
by passing current thru them from the same source of power as 
is used to drive the alternators. Provision is made at the radio 
building end of each antenna half to separate the antenna cables 
and connect the heating current leads. At the intermediate 
towers the antenna cables are kept separate for sleet-melting 
purposes by means of condensers. This is accomplished by sus- 
pending the antenna cables from the spreaders, which also serve 
as connecting conductors to the downleads, by means of short 
tubular insulators, inside of which are placed condensers of about 
one microfarad capacity, the end fittings of the insulators acting 
as terminals of the condenser. These condensers are essen- 
ially equivalent to direct connections for radio frequency cur- 
rents and are equivalent to insulators for the power frequency 
sleet-melting currents. 

The towers supporting the antenna are protected from over- 
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loads by suspending the antenna cables from the spreaders with 
weak links. In case of possible failure of the power supply for 
the station during sleet storms, the cables might become loaded 
with ice past their breaking point. Then when some of the cables 
had parted, the towers might be subjected to twisting stresses 
greater than they would withstand. "This is impossible with the 
weak links, since they are adjusted so that they will give way 
before the cable tension has reached the breaking point. 

The power supply at this station is furnished from a local 
plant adjacent to the radio building. Two generator units are 
provided, one a 500-kilowatt steam turbine and the other а 
direct connected 750 horse power Diesel engine generator set. 
Each unit generates power at 2,200 volts, 50 cycle, 2 phase. 
These units may be used separately, each to drive one radio 
frequency alternator, or they may be paralleled and used to 
drive both of the alternators. Тһе operation of these two units 
in parallel has proven entirely satisfactory despite their widely 
different characteristics and the rapidly fluctuating load. 


RECEIVING STATION 


Ву Е. E. Лонмвтом, Assist. Engineer in Charge of Construction. 

The receiving station for the Warsaw transoceanic station is 
located in the outskirts of the village of Grodzisk, & small manu- 
facturing and farming center, located about 19 miles (30 km.) 
southwest of Warsaw and on the main line railway between 
Warsaw and Cracow. 

Ап old and much war-scarred school building was remodeled 
for use as the receiving station. It was large enough to permit 
apartments for the normal station staff being built in the same 
building. As is the case with most of the buildings in Poland, 
it has thick brick walls; these were covered with cement plaster 
on the exterior and the building presents an architectural appear- 
ance very much in keeping with the buildings at the transmitting 
station. 

The wave antenna, as invented and developed by Messrs. 
Beverage, Rice, and Kellogg, and described in a paper presented 
before the American Institute of Electrical Engineers, is used. 
This antenna is 16,200 meters long and extends in a south- 
easterly direction from the station building, the center line of 
length being on а great circle bearing to New York and nearly at 
right angles to the direction of the transmitting station. In con- 
struction it resembles an ordinary telegraph line, consisting of 
two number 10 (2.5 mm.) hard drawn copper wires supported 
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by 20 feet (6 m.) wooden poles spaced 150 feet (16 m.). A 4- 
foot (1.2 m.) wooden cross-arm is attached to the pole tops at 
the ends of which the wires are supported on 22,000-volt glass 
insulators. Тһе wires are transposed at every tenth pole. 

It was found that most of the static arriving at Warsaw 
came from the south and southeast; thus due to its directional 
properties, the wave antenna gave a very great improvement in 
signal-to-static ratio over that obtained by the loop or loop and 
vertical method of reception. Тһе station was also supplied 
with two outdoor type right angle loops, each 250 feet (77 m.) 
long and 9 feet (2.8 m.) above ground for the lower turns and 21 
feet (6.5 m.) above ground for the upper turns. Each loop had 
twelve turns of number 12 hard drawn copper wire spaced 10 
inches (23.6 ст.). Ап indoor loop was also provided, which was 
8 feet (2.46 m.) square, wound with 100 turns of number 10 cop- 
per wire. These latter loops were installed for emergency use 
in case of failure of the wave antenna due to heavy sleet or 
storms. 

Three sets of Radio Corporation standard long wave receiving 
sets were installed. These sets have a normal wave length range 
from 6,000 to 30,000 meters and are of unit construction, each 
unit being in a metal case which is well grounded. "The parts of 
each unit are mounted on a panel of insulating material and a 
base so that all parts are within the metal casc; the case is fitted 
with an aluminum hinged door thru which the controls work in 
such a manner that the door and dials of the controls form a com- 
plete shield. Тһе back of the case, as well as the door, is re- 
movable so that all parts of each unit are readily accessible. 

The filament and plate supply to all units requiring them 
are carefully filtered, both within each unit and at the source, 
to prevent disturbances entering the units via the battery leads. 
This precaution is necessary as all of the sets are operated from 
a common plate and filament supply. For normal operation 
the filament and plate supply is furnished by a 10-volt and 125- 
volt direct current generator, respectively, with storage batteries 
floating across the leads. The batteries absorb a large percentage 
of the commutator ripple and remain at full charge ready to 
take over the load in case of failure of the primary source of power. 

The primary source of power is furnished by two gasolene 
engine-driven direct-current generators. These generators de- 
liver 220 volts direct-current, and are located in a small building 
about 200 feet from the receiving building. For furnishing power 
to the sets, two motor generator sets are provided, each set con- 
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sisting of a 220-volt motor direct connected to a 10-volt direct- 
current generator and a 250-volt, 3-wire direct-current generator. 
These machines are located in & room adjacent to the receiving 
apparatus room. 

The plate battery consists of 180 cells of lead type storage 
batteries arranged in three groups of 60 cells each: these cells 
are rated at 15 ampere-hour capacity. In normal operation two 
of these groups are used for supplying 220 volts to the plate of 
the oscillator in the synchronous detector unit and a tap taken 
at the connection point of the two groups serves to supply the 
120 volts required by the amplifier units. 

The filament battery consists of 8 cells of lead type storage 
battery arranged in two groups of 4 cells each, thus providing 
two 8-volt filament batteries. These cells are rated at 720 am- 
pere-hour capacity and in case of emergency one group is suf- 
ficient to supply three sets for eighteen hours. 

Ав no operating is done at the receiving station the output 
from the sets is put directly on to telephone lines to the central 
traffic office in Warsaw. Sufficient jacks are provided in a con- 
trol panel for monitoring the signals and transferring signals from 
one line to another. For this transfer of signal, four special tele- 
phone lines were installed by the Polish Government. They 
differ from the normal telephone lines in Poland only that they 
are of bronze wire instead of the usual galvanized iron which is 
used extensively for telephone work in Europe. 


CENTRAL OFFICE 


The central office is located in the Central Telegraph Office 
of the Ministry of Posts and Telegraphs in Warsaw. Complete 
telegraphic control of the station is centered at this office. 

The four telephone lines from the receiving station as well 
as the three control lines to the transmitting station terminate 
here. Equipment for manual or automatic sending and receiving 
is provided, together with two radio receiving sets for monitoring 
the transmitted signal. 

А system of local communication between the central office, 
the receiving station and the transmitting station is maintained 
over the tone or control lines by telephone, there being sufficient 
spare lines for this purpose. Тһе necessary communication is 
thus quickly and easily handled and the personnel at the trans- 
mitting and receiving station need not be trained telegraphists, 
except as their other duties require this knowledge. 

January 3, 1924. 
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SUMMARY: A brief history and description of the Warsaw Trans-oceanic 
Radio Station as constructed and installed for the Government of Poland by 
the Radio Corporation of America is given. 

A technical description of the details of the system used is not given, as 
the system is similar in all respects to that in use in the United States by the 
Radio Corporation. Papers on this system have been given before this 
INSTITUTE and before the American Institute of Electrical Engineers by 
Messrs. Alexanderson, Beverage, and others. 


THE APPLICATION OF THE X-L FILAMENT TO POWER 
TUBES* 


By 
J. C. WARNER AND О. W. PIKE 


(RESEARCH LABORATORY, GENERAL ELECTRIC COMPANY, SCHENECTADY, NEW 
York) 


One of the chief problems in connection with the design of 
vacuum tubes has always been to secure a suitable material for 
making the cathode. Several properties are essential. The life 
should be long. The power required to heat the filament to the 
proper operating temperature should be as low as possible. The 
filament should not change greatly during the normal life of the 
tube. Also, for a given power consumption and total electron 
emission the filament should be comparatively long. 

The fulfilment of the first two requirements, which are too 
often at variance with each other, usually means a relatively 
low operating temperature, the exact choice of which, for any 
one material, must often be a compromise between life and 
efficiency. 

At the present time the only three materials which have been 
used to any great extent in power tubes are pure tungsten, oxide- 
coated platinum or platinum alloy, and X-L or thoriated 
tungsten. 

The X-L filament as used in receiving tubes such as the 
UV-199 and UV-201-A radiotrons is already well known. Here 
its advantages have been very noticeable, resulting in marked 
improvements in operating characteristics with very low filament 
power consumption. 

The same advantages appear even more prominently in the 
power tubes which have been designed with X-L filaments, some 
of which have been in commercial production for more than two 
years. The X-L filament is used in radiotrons UV-210, UV-203-A, 
UV-204-A, and UV-851, which are illustrated in Figure 1, and 
іп а corresponding series of kenotron rectifier tubes. Only the 
radiotrons will be described in this paper however. 


*Received by the Editor, February 14, 1925. Presented before THE 
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FiGvnE 1- X-L Filament Transmitting Tubes 


The normal operating temperature of the X-L filament is 
approximately 2,000° Abs. as compared with about 2,450° to 
2,550° for pure tungsten. Тһе emission efficiency of the X-L 
filament, however, is much higher than that of pure tungsten, 
as is well illustrated by the accompanying table, Figure 2, in 
which are shown the filament characteristics of several tubes 
of both types. 


Electron 

Filament Emission 

Tube Type of | А 
Filament | Volts. Amps. Watts Temp. Milli- m.a. per 

amps. | Watt 


UV-203 "Tungsten 


UV-204 "Tungsten 

С V-205 "Tungsten 2! 3 NI 1 

UV-210 Nali ; p 2 OOO 
UV-203-A X-L 3 2: dA 3 2,000 

UV-211 

UV-204-.\ X-L 4 MW E 2.000 

UV-851 Y Ji Т | 2,000 120,000 


FIGURE 2 
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It will be noticed that the emission electron efficiency is not al- 
ways the same for either type of filament. In the case of the pure 
tungsten filament the reason for this is that the choice of the 
operating temperature is a compromise between life and emission 
efficiency. For example, the UV-204 and UV-205 tubes are 
practically identical, except in their filament characteristics. 
The UV-205 (formerly known as the “Туре P pliotron") was 
designed for war-time service where low filament power con- 
sumption was more essential than extremely long life. Тһе 
UV-204, which was a later design, required 162 watts, but had 
a life expectation approximately 10 times as long as that of the 
UV-205. 

The X-L filaments all operate at the same nominal tempera- 
ture, but due to difference in lead losses, the emission efficiency 
is somewhat different in the various tubes. 

In comparison with the UV-204 and UV-205, the UV-204-A 
gives an excellent example of the improvement effected by the use 
of the X-L filament. This tube retains the filament voltage of the 
UV-204 and the current of the UV-205, so that the power con- 
sumption is only 42.5 watts, which is only slightly more than one- 
fourth the filament power of the UV-204. Оп the other hand 
the life expectation is somewhat higher than that of the UV-204. 

In the UV-204 the filament power is 39 percent of the total 
power expended in the tube. In the UV-204-A, the internal 
plate circuit loss being the same as in the UV-204, the filament 
power is only 14.5 percent of the total. This, of course, results 
in a lower plate temperature during operation. 

There is another advantage gained by the use of the X-L 
filament, which is not at once apparent, but which is of very great 
importance. In designing a tube to be used either as an amplifier or 
as an oscillator, it is always desirable to make the space charge 
losses as low as possible, consistent with good mechanical clear- 
ances. This means that the effective electrode areas must be 
large and. this сап be accomplished only by the use of long 
filaments. Again a direct comparison between an X-L filament 
and a pure tungsten filament may be of interest. | 

The UV-203 tube requiring 10 volts and 6.5 amperes has а 
filament length of approximately 10 em. The corresponding X-L 
filament tubes, the UV-211 and UV-203-A, requiring 10 volts and 
3.25 amperes, have a filament length of approximately 17 cm. 
As a result of this increased filament length the mutual conduc- 
tance of the X-L tubes is increased in about the same ratio. 

In the UV-851 tube it was necessary to have а very large 
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cathode area in order to obtain the rated output of the tube at 
the relatively low plate voltage of 2,000 volts. For this reason 
the cathode was made up of four “V” filaments connected in 
parallel. For a given power consumption the total wire length 
of a filament is increased if two or more parallel branches are 
used instead of a single filament. This may be understood from 
a brief consideration of a few of the characteristics of tungsten 
filaments. 

For constant temperature the filament current of a tungsten 
filament varies with the 3,2 power of the wire diameter. 


For constant temperature the filament voltage varies in- 
versely as the square root of the wire diameter. 


Vi = (2) 
Ve. XD: 


For constant temperature and current the filament voltage 
varies directly as the length, 

L Wh 
L, i V. 

From these three relations it may be seen that the ratio of 
the lengths of two filaments of different diameter, but operating 
at the same temperature and at the same voltage, is equal to the 
cube root of the ratio of the two currents. 

Іл _ ЭЗ 
L Nl 

Applying this relation to the case of a cathode of constant 
power consumption, constant temperature and constant voltage, 
it will be shown that the total wire length increases as the cathode 
is broken up into more and more parallel filaments. 


Let V = voltage across ends of cathode (that is, across all 
parallel branches) 
n = number of parallel filaments 
І —total current 


I . 
— eurrent in one filament 
n 


L=length of wire when only a single filament is used 
La - length of single filament when n parallel filaments 
are used 
Th Inn adl i 
en = NO н = з a 
L NI Мп 
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but since there are n filaments the total wire length becomes 
nL = 
L 573; = Ln? 
total Nn Vn 


For two parallel filaments the total wire length is increased 
59 percent and for four the length is increased 152 percent. 

There is a practical limitation to this method of increasing 
cathode area since decreasing the wire diameter too much will 
reduce the strength of the filament and increase the manufac- 
turing difficulties. 

The life of a tube having a pure tungsten filament is at best 
the burnout life of the filament. The operating temperature of 
this type of filament is so high that the tungsten evaporates at 
a fairly rapid rate, eventually resulting in the burnout of the 
filament. At the operating temperature of the X-L filament the 
evaporation of the tungsten is negligible and failure of the tube 
never results from a burnout except accidentally. The electron 
emission comes from a surface layer of thorium, and while this is 
constantly evaporating off it is also being renewed by diffusion 
of thorium from inside the filament. The theoretical life of the 
filament is ended then only when the supply of thorium inside 
the filament is completely exhausted. Also, since the electron 
emission depends only on the surface layer, it should be constant 
practically to the end of life. 

On account of the reduction in diameter of a pure tungsten 
filament during its life, due to evaporation, 14 is best to operate 
at constant voltage and to use a voltmeter for regulation. The 
same does not apply to an X-L filament since there is no evapora- 
tion of tungsten, and either a voltmeter or ammeter may be used, 
altho a voltmeter is often more convenient particularly when 
tubes are run in parallel. Filaments should be operated at as 
near rated voltage as is possible, and, while an oscillator tube will 
give full output at considerably less than rated filament volt- 
age, such operation is of doubtful advantage. 

In order to maintain the active condition of the filament and 
the resulting uniform electron emission it is necessary to have an 
exceptionally good vacuum. This is accomplished by a thoro 
pump exhaust and the use of magnesium “getter” which deposits 
on the bulb giving the silvered coating characteristic of X-L 
filament tubes. Good electron emission during operation is an 
almost certain indication of a good vacuum, and any means taken 
to improve the vacuum tends to insure constant emission. 

On account of the long life of the X-L filament itself. the life 
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of a tube containing this filament is largely dependent on the 
ability to design and manufacture a tube which will have the 
necessary vacuum conditions initially and will maintain them 
thruout life. In practice the failure of a tube often appears to 
be due to loss of electron emission; that is, the tube fails to 
operate satisfactorily because the emission has fallen off. Unless 
the filament has been subjected to excess voltage, loss of emission 
is seldom the true cause of failure, but rather the result of failure. 
That is, due to release of gas from the interior parts of the tube, 
often caused by overload, or due to leakage of air, the high 
vacuum is lost and the surface layer of thorium is destroyed, 
resulting in loss of emission. 

In this respect the X-L filament is unique, in that the true 
filament life 1s so long that it is not a factor in determining the 
life of the tube. 

In the series of radiotrons to be described later it will be 
noticed that many of the design features show the influence of 
this need for maintenance of a good vacuum over a long period 
of time. One of the commonest causes of air leaks is electrolysis 
of the glass in the seals which results in a crack in the glass or 
leakage along the leads. This is greatly aceclepatedrrhigh 
temperature and in all of the X-L tubes the plate"$eal is placed 
at the coolest part of the bulb and is widely separated from the 
other leads. Also the distance between the filament and grid 
Beal and the plate is made as large as possible. In the tubes 
operating at more than 1,000 volts, the so-called double end con- 
struction is used and the plate is supported entirely at the op- 
posite end from the other electrodes. Also the grid lead is 
brought thru another separate seal. 

Any power tube is apt to be subjected to short overloads in 
spite of reasonable care in operation and should be able to stand 
such conditions without permanent damage. Ап X-L filament 
will stand three times its normal voltage without immediate 
burnout and such treatment if not long continued does not 
seriously injure the filament as complete activity can be restored 
by a few minutes under normal conditions. Plate overload 
usually causes gas to be given off from the overheated plate or 
other parts of the tube and may cause & decrease in emission. 
In order to protect the tube against permanent damage from 
this source the X-L tubes are at present all made with molybdenum 
plates, which are heated to extremely high temperatures during 
exhaust. and thereby are freed of most of the gas contained in 
them. The high temperature of the plate also heats the other 
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internal parts of the tube hotter than they should ever become 
during operation and reduces the chance of their giving off gas 
later on. 

The areas of the plates are relatively large and the surfaces 
are treated so as to radiate heat easily, so that in operation the 
plates should never run hotter than a dull cherry red color. 

In the case of à very severe plate overload which has liber- 
erated considerable gas, the electron emission may be reduced 
temporarily, but this can almost always be restored by 15 minutes 
of operation with plate voltage off. This action may be acceler- 
ated by raising the filament voltage to about 15 percent above 
normal. After the filament is reactivated, the tube should be put 
into operation again under conservative plate load and the gas 
which has been given off during the overload will usually clean 
up. This applies only when the gas has been given off inter- 
nally. An air leak invariably results in complete failure of the 
tube. If a glow appears in the tube its color will usually show 
whether the gas has been given off internally or has leaked thru 
from the outside. A glow which is distinctly blue is usually an 
indication of gas given off from the electrodes while a purplish 
or pink glow indicates an air leak. If the leak is sufficient to 
raise the internal pressure approximately to atmospheric pres- 
sure there will be no glow but the filament will give off a white, 
powdery smoke and will soon burn out. "This, of course, is char- 
acteristic of both X-L and pure tungsten filaments. 

It might seem that the electron emission of an X-L filament, 
coming as it does from a constantly changing surface of thorium, 
would be more or less erratic and unstable. This, however, is 
not the case. In a properly operated tube the emission as well 
as the other characteristics are perfectly steady. Full emission 
occurs as soon as the filament comes up to temperature and there 
is no difficulty whatever in starting oscillations when the tube 
is used as an oscillator. Also there are no harmful secondary 
emission effects. 

Several of the X-L filament tubes already mentioned will now 
be described in more detail. 

Radiotron, Model UV-210, is the smallest of the group. Тһе 
external appearance and the internal construction are illustrated 
in Figure 3. Тһе electrode structure is more rugged than that 
of some of the earlier transmitting tubes and the electrodes are 
rigidly supported at each end. Тһе bulb is of the so-called tip- 
less type. 

This tube has а nominal output rating of 7.5 watts. Тһе 
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FigurE 3—XL-7 1/2 Watt Transmitting Tube 


normal plate voltage is 350 volts and at this voltage the rated 
output can be very easily obtained with a plate current of 60 
milliamperes. If care is used in the construction and adjustment 
of the circuit, a much greater output may be obtained with the 
same input. Тһе grid voltage-plate current and the plate vol- 
tage-plate current characteristics are shown in F'igures 4 and 5. 

The amplification constant of the UV-210 is approximately 
7.5 and the internal plate resistance at 350 volts and zero grid 
is approximately 3,500 ohms. Тһе corresponding mutual con- 
ductance value is 2,150 micromhos. It should be understood that 
these figures are useful for comparison purposes only, since under 
normal conditions the grid voltage is not zero. 
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In addition to its use in transmitting sets as oscillator, modu- 
lator or power amplifier, this tube has been used to some extent 
in commercial] receiving circuits where the service 1s continuous 
and where the power output is unusually high, requiring plate 
voltage and plate current conditions nearly as severe as in trans- 
mitting circuits. 

The next larger X-L filament power tube is the 50-watt size, 
shown in Figure 6, which is made in two types, the UV-203-A 
and the UV-211. These two types differ only in plate impedance 
and amplification constant, and are exactly the same in external 
appearance, filament rating, and plate voltage. The UV-203-A 
is intended for voltage amplification or for amateur and experi- 
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mental use as an oscil ator, while the UV-211 is designed for os- 
elllator, amplifier and modulator use in commercial sets. 
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FIGURE 5 


Both tubes have a filament rating of LO volts and 3.25 am- 
peres. The normal plate voltage is 1,000 and the maximum plate 
power dissipation is 100 watts when a tube is used as an oscillator. 
When it is used as a modulator or amplifier, the continuous dissi- 
pation 1s limited to 75 watts. 

The UV-203-A supersedes the UV-203, and a few compari- 
sons between the two tubes plainly illustrate again the advan- 
tages of the X-L filament and the general improvement in the 
later vacuum tubes of this size. The UV-203 required 10 volts 
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Кісене 6—XL 50-Watt Transmitting Tube 


and 6.5 amperes or 65 watts for filament heating, while the UV- 
203-A requires only one-half this amount. Іп spite of this, the 
electron emission of the UV-203-A is twice as great. The bene- 
fit derived from high electron emission and the improvement in 
characteristics resulting from the large electrode areas are illus- 
trated in Figure 7, which shows the relation between filament 
voltage and antenna current for the UV-203-A and the UV-203 
tubes in a typical transmitting circuit. The filament power is 
also shown for comparison. It will be noticed that the UV-203-A 
gives a higher output and that this output is obtained at one- 
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FIGURE 7 


half the filament power and at one-sixth less plate current than 
is taken by the UV-203. Аб the normal operating point, the 
UV-203-A gives over 20 percent greater oscillation efficiency than 
the UV-203. 

The UV-211 gives very similar results as an oscillator, but 
due to lower plate resistance it is much more satisfactory as a 
modulator or amplifier than is the UV-203-A. Тһе lower impe- 
dance is very important where undistorted amplification is de- 
sired, as relatively large grid voltage swings may be employed 
without the grid becoming positive. 

Figure 8 shows the plate voltage-plate current character- 
istics of the UV-203-A and UV-211, and Figure 9 the grid voltage- 
plate current curves. Also for comparison the UV-203 charac- 
teristic has been drawn on Figure 9. Тһе steeper slopes of the 
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UV-203-A and UV-211 curves plainly indicate the superior char- 
acteristics of the X-L filament tubes. 

The method of safeguarding the UV-203-A and UV-211 tubes 
from plate current overload may be of interest. Тһе plate re- 
sistance of the UV-203-A is so high that if the tube should stop 
oscillating or lose its negative bias, the plate current would not 
greatly exceed the normal value when oscillating. Thus, the 
tube is self-protecting in this respect. Оп the other hand, the 
plate resistance of the UV-211 is so low that the plate current 
at zero grid would soon injure the tube by overheating of the 
plate. However, here the increase from the normal current dur- 
ing oscillation to the current at zero grid is sufficient to allow 
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the use of a fuse or circuit breaker which will immediately open 
the circuit and thus protect the tube. 

At the normal plate voltage of 1,000 and at zero grid voltage 
the UV-203-A has а plate resistance of 5,000 ohms, an amplifi- 
cation constant of 25, and a mutual conductance of 5,250 mi- 
cromhos. Тһе UV-211 has a plate resistance of 1,900 ohms, ampli- 
fication constant of 12, and & mutual conductance of 6,300. A 
comparison of these mutual conductance figures brings out the 
fact that in two tubes of similar design, & slightly better mu- 
tual conductance usually is obtained in the tube having the 
lower amplification constant. 

The mechanical construction of the X-L 50 watt tubes is much 
stronger than that of the UV-203. As in the UV-210 tube, the 
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electrodes are fastened together at the upper end. The plate is 
mounted on four support rods and has four wings which serve not 
only to make the electrode more rigid but also to dissipate heat. 
In this tube, helical springs are used to maintain the proper ten- 
sion on the filament when lighted and also to protect it from 
shocks. This is necessary for tubes of this size or larger, while 
for smaller tubes the usual anchor wire has adequate spring 
qualities. 

The next larger X-L filament tube is the UV-204-A radiotron, 
shown in Figure 10. This tube has an output rating of 250 
watts. The normal plate voltage is 2,000 and the filament re- 
quires 11 volts and 3.85 amperes or 42.5 watts. The maximum 
plate power dissipation is 250 watts. 
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Figure 10—Radiotron UV-204-A 250-Watt Output 
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As already stated, this tube directly supersedes the UV-204, 
and on account of the interchangeability requirements the plate 
characteristics are almost identical with those of thelUV-204. 
Consequently, the later tube may be used in sets designed for 
the UV-204, the only change required being an increase in the 
rheostat resistance to allow for lower filament current. 

The usual static characteristics of the UV-204-A tube are 
given in Figures 11 and 12. The amplification constant averages 
approximately 24 and the internal plate resistance at 2,000 volts, 
and zero grid is approximately 4,700 ohms, giving & mutual 
conductance, under these conditions, of 5,100 micromhos. 

The total electron emission at rated voltage is approximately 
5 amperes, which is much higher than the emission of the UV-204 
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filament. This results in somewhat better performance in tele- 
phone circuits where the peak values of current are likely to be 
considerable. 
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Figure 12 


For outputs greater than 250 watts, it is quite possible to 
connect as many as four 250-watt tubes in parallel. However. 
there are always certain difficulties present in parallel operation 
of more than two or three tubes, and to supply the demand for a 
low voltage, high output tube, the UV-851 radiotron has been 
developed. At present this is the largest power tube utilizing 
the X-L filament. There is already another one-kilowatt radio- 
and normally requires a plate voltage of 10,000 volts or higher. 
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The normal plate voltage of the UV-851 is 2,000 volts, and 
the maximum plate power dissipation is 750 watts when the tube 
is used as an oscillator. Under these conditions, the tube is capable 
of giving a radio frequency output of one kilowatt or more. 
The filament requires 15.5 amperes at 11 volts, or a power con- 
sumption of 170 watts. Тһе total electron emission is about 
20 amperes. 


Figure 13—Radiotron UV-851 1 KW Output 


Figure 13 shows the external appearance of the tube and the 
anode, cathode and grid structures. 

The X-L filament, while bringing about marked improvements 
in all of the tubes in which it has superseded the pure tungs- 
ten filament, has been of even greater importance in the design 
of the UV-851. A tube of this type and size would have been 
almost impossible to build with a pure tungsten filament. This 
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is evident when it is realized that a pure tungsten filament would 
have required at least 600 to 700 watts to obtain the necessary 
electron emission. This power would have been dissipated al- 
most entirely inside the plate and would have resulted in con- 
siderable over-heating when added to the normal dissipation 
due to internal plate circuit losses. Furthermore, the plate char- 
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acteristics required to give one-kilowatt output with reasonable 
ейсепсу at the relatively low plate voltage of 2,000 volts would 
have been unattainable with a tungsten filament. 

The amplification constant of the UV-851 is approximately 
20 and with 2,000 volts on the plate and zero grid the internal 
plate resistance 1s approximately 850 ohms and the mutual con- 
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ductance, therefore, is 23.5 milliamperes per volt or 23,500 
micromhos. 

The static characteristics of the tube are shown in Figures 
14 and 15. 

The mechanical construction is of some interest on account 
of the large size of anode and grid structures and also due to the 
fact that four parallel filaments are used. The advantage, of 
the parallel type of filament has already been explained. It is 
particularly important in a tube of this size, because of the neces- 
sity of reducing as much as possible the plate losses inside the 
tube. The grid also is somewhat different from that ordinarily 
used, being made of a heavy square mesh of molybdenum wire. 
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The grid frame is anchored to the plate structure with an insu- 
lator so as to maintain the proper position of the grid inside the 
anode. The plate is of exceptionally heavy construction and 
its surface is so treated as to give good radiating properties. 
Proper filament tension is maintained, as in the UV-203-A and 
UV-204-A, by helical springs, which are protected by small metal 
discs from excessive heat. 

The tubes described above, while not including all that have 
been designed with X-L filaments, serve to illustrate the most 
important advantages of this type of filament over the older 
pure tungsten type, resulting in improved operating character- 
istics in tubes of such sizes as were already in existence, and per- 
mitting the design of a new class of tube, the manufacture of 
which otherwise would have been impractical if not impossible. 

For reference & table of the electrical constants of the X-L 
filament.tubes is given in Figure 16. 


Radiotrons 


Rated Output (Watts)... 
Max. Plate Dissipation... 
Filament Voltage......... 
Filament Amperes........ 
Plate Voltage 
Plate Current Oscillating 
СОА ess ets 
Amp. Constant (Approx.). 
Plate Impedance (Approx. 
ohms) at zero grid and 
rated plate voltage (See 


cromhos) at zero grid 

and rated plate voltage 

(See Note) 6,300 23,500 
Plate Current (m.a.) at 

zero grid and rated plate 

voltage (See Note) 320 1,550 
Dimensions Over-all 

(inches) 71% 1414 1716 


Note: These figures аге given for comparison only and do not neces- 
sarily apply to all conditions of normal operation. 


Ғісове 16—Characteristics of X-L Filament Transmitting Radiotrons 


SUMMARY: The properties of the X-L or thoriated tungsten filament are 
discussed with particular reference to the suitability of this material for use 
in power tubes and its advantages over other materials. Comparisons are 
given between pure tungsten and thoriated tungsten filaments in electron 
emission characteristics and effect on tube design and performance. 

Several power tubes containing X-L filaments are described in detail. 
The improvements due to the use of the X-L filament are illustrated by com- 
parison of these tubes with older types of tubes containing pure tungsten 
filaments. 
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DETECTING CHARACTERISTICS OF ELECTRON 
TUBES* 


By 
H. M. FREEMAN 
(WESTINGHOUSE ELECTRIC AND MANUFACTURING COMPANY, Hast PITTSBURGH, 
PENNSYLVANIA) 

For a number of years the electron tube has been regarded as 
the nearest approach to an ideal detector of radio power that has 
yet been devised. Its chicf advantage over the simple contact 
rectifier lies in its stability and ease of control, and in its amplify- 
ing property, particularly that factor which permits the building 
up of the input voltage by means of regeneration. In fact, this 
regenerative faculty has provided such a simple and easily con- 
trollable means for increasing the detector efficiency that the 
minor factors controlling the performance of the tube as a de- 
tector have been rather overlooked, and very little attempt has 
been made to develop the possibilities of controlling these minor 
factors in such a way as to increase the efficiency of the tube as 
а non-regencrative detector. However, the well-known disad- 
vantages of the use of regeneration in its simplest form are be- 
coming of greater and greater importance with the continually 
inereasing number of listeners in radio; and the use of the tube 
as a detector is being more and more restricted to the simple 
rectifving function. 

This being the condition now in existence, it becomes of more 
importance than ever before to examine carefully the operation 
of the tube as a non-regenerative detector; and to determine 
more thoroly than has yet been done the importance of the 
rarious characteristics which enter into the operation of the tube 
as a detector, and the factors which control these characteristics. 
Up to the present time the practice among the manufacturers 
has been to work toward a general purpose tube, on the theory 
that almost any kind of a tube is good enough as a detector if the 
characteristies which determine its efheieney as an amplifier are 
sufficiently emphasized. With the development of the art, the 


*Received by the Editor January 26, 1925. Presented. before Тик 
INSTITUTE OF RADIO ENGINEERS, New York, February 4, 1925. 
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in importance, and an increasing appreciation of the large part 
played in set performance by the efficiency of the detector is 
bringing out to an ever increasing degree the need of emphasiz- 
ing the characteristics of a tube which are of primary effect in 
ts performance as a detector. 

The present paper is a report of some preliminary studies of 
the tubes now in existence, with the object of opening up the 
field for the development and control of the operational factors 
of the detector tube; and while the work has not yet progressed 
far enough to venture any predictions as to what may eventually 
develop along these lines, it offers some interest as evidence of 
the improvement that is possible even in existing tubes over the 
commonly used conditions of operation. 

As & preliminary to developing criteria which will en- 
able the performance of a tube as a detector to be easily and 
accurately predicted and as a check on the proposed method 
of measurement, a study was made of a normal tube of a type 
much used at the present time for either detector or am- 
plifier. In this particular tube, the filament is designed to oper- 
are at 1.1 volts and 0.25 amperes for general service, and it has a 
plate impedance of 14,000 ohms, an amplification factor of 
5.6, and & mutual conductance of 400 microamperes per volt 
when measured with а plate voltage of 45 volts with the grid 
tied to the negative end of the filament. Following the well- 
known development for the performance of a tube as а detector 
when used in the circuit shown in Figure 1, the expression for 
the change in plate current produced by impressing a signal 
voltage E in the grid circuit is as follows:! 
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Figure 1—Circuit Used for 
Detector 'l'est 


! J. H. Morecroft, "Principles of Radio Communication," page 456. 
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From this expression it appears that the output obtained 
from a given incoming signal is proportional to the product of 
the rate of. change of the slope of the grid characteristic by the 
slope of the mutual characteristic, and inversely proportional to 
the slope of the grid characteristic. 

From an analysis? of the action taking place in а detector 
circuit comprising a grid condenser and grid leak, it is at once 
apparent that certain conditions must be met in order to obtain 
efficient operation, before the characteristics of the tube itself 
become effective. The condenser must be of such a value that 
it will be fully charged up to the maximum voltage of the in- 
coming signal during the time in which the signal is impressed. 
For example, if we assume a signal frequency of 1,000,000 cycles 
per second, modulated at a frequency of 10,000 cycles (which 
is well within the conditions of ordinary telephony) we find that 
а tube having a grid conductance of 5 microamperes per volt 
will allow а condenser of 0.00025 microfarad capacity to become 
charged up to the peak voltage in one half the time of a complete 
cycle of modulation. Such a condenser will require a leak of 
400,000 ohms in order to discharge completely in the same 
length of time. This rough estimate gives us semi-arbitrary 
values of grid condenser and leak which should give good opera- 
tion with а normal tube of the type under discussion, and these 
values are used for the purpose of this experimental check. 

Confining the experiment for the present to conditions such 
as are often met in practice, characteristic curves have been 
drawn for plate voltages of 10, 20, 30, and 40; the filament being 
maintained constant at 1.0 volt. In drawing these curves, the 
grid return was connected in each case to the positive end of the 
filament, making & constant positive potential of 1.0 volt on the 
grid referred to the negative end of the filament. 

Figure 2 shows the variation of grid current with grid voltage 
for the values of plate voltage shown above. Figure 3 shows 
variation of plate current with grid voltage over the same range. 
These curves were obtained experimentally in the customary 
way, and were used as the basis for deriving curves from which 
the values of the factors in the expression for output could be 
obtained. 

The first of these derived curves shows the variation with 
grid voltage of the slope of the grid current-grid voltage curve. 
Ag 
аЕс’ 
? J. Н. Morecroft, “Principles of Radio Communication," page 461. 
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This value, is plotted against Eg in Figure 4. The initial 


conditions under which the experiment was carried out demanded 
416 
d Ec 
quently, further discussion is confined to those portions of the 
curves above the horizontal line representing this limiting value. 


a value of of at least 5 microamperes per volt. Conse- 


Figure 5 shows the values of the second derivative as 


а? Ig 
, d Eg? , 
as obtained from the curves of Figure 4. Figure 6 shows the 
curves of - plotted against Ес, as derived from the mutual 

G 


characteristic curves of Figure 3. 

From the three derived curves of Figures 4, 5, and 6 the 
values of A I p for various settings of Eg are calculated from the 
equation given above; and the resulting curves are plotted in 
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FiGcnE 3—Tube DT-1, Mutual Characteristics 


Figure 7. All of these curves show maximum signal strength 
at the lower limit of the region explored. The sharp falling off of 
dl, . ; i 
signal strength, as | increases because of increased Ee, shows 
d Ес 

plainly the danger in using too high a positive voltage on the grid. 

In order to check experimentally the findings predicted from 
theoretical considerations and plotted in Figure 7, the strength 
of the output obtained from a standard signal voltage impressed 
in the circuit of Figure 1 was measured for a number of values 
of grid voltage and plate voltage within the region covered by 
the curves of Figure 7. The arrangement of circuits used is 
diagrammed in Figure 8. Тһе source supplying a modulated 
radio frequency signal of constant strength was coupled loosely 
to the dummy antenna used in connection with a tuner and the 
circuit of Figure 1 in the detector D. The output of the detector 
was amplified by a shielded two-stage audio frequency amplifier 
А, and the peak voltage on the secondary terminals of a trans- 
former in the plate circuit of the last tube was measured by means 
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of an electron tube voltmeter of the type described by R. A. 
Heising.? This circuit (Figure 9) is used as follows: Тһе tube 
is set at a certain grid bias sufficient to bring the plate current 
at normal filament operation, nearly to zero. This bias is de- 
termined by the point on the potentiometer P to which the 
positive terminal of direct current voltmeter V is connected. 


24 


20 
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FIGURE 4— Tube DT-1 


With no signal applied to the terminals of the transformer T, 
the filament is adjusted until the microammeter .M shows a 
definite very small reading. When an alternating voltage is 
applied to the terminals of T, a reading is obtained on M because 
of the rectifying property of the tube as operated at the lower 
end of its mutual characteristic. The slider on P is now moved 
in such a way as to make the grid more negative, until the read- 


3J. Н. van der Bijl, “Тһе Thermionic Vacuum Tube,” page 367. 
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Figure 5—Tube DT-1 


Figure 6—Tube DT-1 
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БКісоне 7— Tube DT-1, Derived Curves. Detector 
Output 


ing of М is the same as it was when no signal was coming in. 
The amount of additional grid bias necessary to bring about this 
result, as measured on the voltmeter V, is equal to the peak 
voltage of the signal in the secondary of the transformer Т, and, 
therefore, proportional to the change in plate current in the de- 
tector tube, within reasonable limits of operation. 

It has always been a matter of extreme difficulty to obtain 
satisfactory measurements of this kind, particularly in a building 
subject to disturbances from other radio sets, electric motors, 
and other sources of electrical disturbance. This difficulty was 
overcome to a considerable degree in the present case by per- 
forming the whole experiment inside of the cage shown in Figure 
10. This cage is made of expanded metal screen, having a dia- 
mond mesh of approximately 1 inch by 112 inches, the metal 
strands being roughly the size of number 8 gauge wire. АП 
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Ficure 8—Diagram Showing Arrangement of Apparatus 
for Testing Detector Output 


seams were carefully covered with metal straps bolted to the 
supporting steel framework of the cage, and the door was sup- 
plied on all its edges with copper lining strips which formed a 
close electrical contact with the door frame when the door was 
closed. The cage was thus completely a series of closed circuits, 
and proved very effective in screening out radio frequency dis- 
turbance of all kinds. For example, a receiving set comprising 
two stages of tuned radio frequency amplification, detector, and 
two stages of audio amplification gave an interference output that 
was barely audible in head phones inside of the cage, altho out- 
side in the room the noise from commutators and other electrical 
equipment in the building furnished a continual roar in the loud 
speaker of such volume as to make it a matter of extreme dif- 
ficulty to talk against it. Station KDKA, at a distance of ap- 
proximately one-quarter of a mile, could be heard with the head 
telephones on the same set inside of the cage, but was easily elim- 
inated by tuning. The cage was insulated from the floor (which 
is of a highly conducting material) and there were no leads run- 
ning into the cage from the outside. 


= 
E: 


Тє нк 9 -Cireuit of Tube 
Voltmeter 


Ву the use of this eage, and by observing all possible precau- 
tions to insure the constancy of operation of the component 
parts of the set-up, particularly of the source of signal and of the 
shielded amplifier A, it was found possible to obtain easily repro- 
ducible results in the determinations of the relative output ob- 
tained for various operating conditions of the detector tube D. 

А correction which it was found necessary to make in assign- 
Ing values of the grid voltage Ego occurred because of the change 
in resistance of the grid leak with the amount of current passing 
thru it. The reason for this change is not apparent, but since 
it seemed to be constant and reproducible it was merely taken 
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account of as а correction in determining the value of gnd bat- 
tery Ес necessary to provide the desired grd voltage E. 

The curves of Figure 11 show the vanation of signal output 
with voltage of па battery, and are of the same general form 
аа the curves of Figure 7, derived from the static characteristics 
of the tube. Asa check on the closeness of agreement. the curves 


FIGURE 10 


of Figure 7 were re-drawn, assigning the arbitrary value of 100 
units to the maximum point shown and calculating other points 
on the curves on this basis. Translating the value of grid bat- 
tery in the curve, Figure 11, into the corresponding voltages on 
the grid by subtracting the drop due to the resistance of the 
grid leak and referring to the maximum reading as 100 units, 
the experimental values of output are plotted as crosses on the 
вате sheet. Figure 12 shows the closeness of agreement between 
the calculated curves and the experimental points. 

It is apparent that this method of measuring the output from 
the detector tube gives results which agree satisfactorily with 
the theoretical values obtained from the static characteristics, 
and therefore furnishes a quite accurate means of making quick 
determinations of the effect upon detector efficiency of changing 
the operating conditions of the tube. 
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Figure 11—'l ube DT-1, Experimental Curves, Detector Output 

'The curve of Figure 13 shows the results obtained with tubes 
of three well-known commercial types, the grid return being to 
the negative end of the filament in each case. In this test the 


FicvRE 12--Tube DT-1, pearson Ex- 
perimental and Derived ‘Curve. Detector 
Output 
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Figure 13— Variation of Detector Output with Grid Voltage 


grid condenser and leak were of values customarily used, and the 
filaments were operated at rated supply voltage. Тһе plate 
voltage was 2214 volts. The circles on the curves indicate the 
value of filament voltage drop and show what may be expected 
of these tubes when operated with zero grid bias but connected 
to the positive end of the filament. In the case of these individual 


Figure 14—Output from Various Tubes of 1 Type 
E,=Normal Ер =20 V. 
Grid to Positive Filament 
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tubes it appears that the one having the 1.1-volt filament hap- 
pens to approach the required grid bias conditions most closely 
when connected in this way. 

Тһе curves of Figure 14 were drawn for six tikes of this type 
with the grid connected to the positive end of the filament, nor- 
mal filament voltage and a plate supply of 2216 volts being used. 
Altho these tubes showed approximately the same values of the 
plate and mutual characteristics ordinarily used to describe tube 
performance, their operation as detectors showed a wide range 
of values under any single fixed operating condition. It will be 
noted that all of these tubes show the normal operation for this 
type as given in the curve of Figure 13, at some particular oper- 
ating point, but that in some cases the proper grid bias is quite 
different from that obtained in the customary connection in the 
set. This result explains many of the phenomena that have 
been observed regarding the improvement which may be obtained 
in the operation of a set by juggling the tubes around and em- 
phasizes the importance of the problem outlined in this paper. 


Research Laboratory, Westinghouse Electric 
and Manufacturing Company, East Pitts- 
burgh, Pennsylvania. 

January 19, 1925. 


SUMMARY: It is pointed out that owing to the progress of the radio art 
the opinions heretofore held as to the importance of the part played by de- 
tector efficiency in a receiving set are in need of revision. 

Taking the well-known analysis of the operation of a detector tube with 
condenser and grid leak, curves are derived from the static characteristics 
of a typical general purpose tube showing the performance of the tube as a 
detector under certain conditions of operation. 

A method is described of measuring the output of a detector tube with 
a standard incoming signal, and experimental results obtained with the tube 
used for deriving the curves are compared with those obtained from theoretical 
considerations, showing that the method can be used to give a true picture 
of the effect on detector efficiency of variations in operating conditions. 

Sample curves are given, showing the wide variations obtained in the 
efficiency of certain types of standard tubes by relatively slight changes from 
the customary operating conditions, and also the variations in efficiency of 
a number of similar tubes under normal operating conditions. 
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LIFE TESTING OF TUNGSTEN FILAMENT TRIODES* 


Bv 
WILLIAM C. WHITE 


(RESEARCH LABORATORY, GENERAL ELEcTRIC COMPANY, SCHENECTADY, 
NEw Үокк) 


GENERAL 


Very little has been published on triode life, a most important 
subject, and probably for this reason very few of those interested 
in radio have any reliable information regarding it. 

The most common opinion is that the life of a certain type 
or make of triode is a sort of constant, like the amplification 
constant. This viewpoint is entirely incorrect and it is the object 
of this paper to show what a variable factor triode life really is. 

It is not uncommon to hear of a life test being made on a few 
triodes of one type under conditions of doubtful constancy and 
the result used to indicate the life of that type under all condi- 
tions over a long period of time. 

This subject has in many ways marked similarities to the 
study of vital statistics in the field of medicine. 

The gathering, compiling, and studying of vital statistics is 
not made so that any individual may estimate how long he is 
going to live, but in order to furnish information to help prevent 
or combat the various diseases and causes of death. 

In a similar way the manufacturer of triodes obtains great 
advantage in observing the behavior during life of his product 
and length of its life with operating conditions accurately con- 
trolled. 

A great deal of data is continually being published on the 
constants and characteristics of triodes. In practically all of 
these cases the triodes are comparatively new. The user is 
primarily interested in their performance thru at least several 
hundred hours of use. Therefore, initial constants and charac- 
teristics are only a small part of the performance rating of the 
tube. 

Without going thoroly into the subject, one might think that 


*Presented before THe InstituTE OF Клоо ENGINEERS, New York, 
March 4, 1925. Received by the Editor, March 14, 1925. 
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it is à simple matter to set up and operate a triode life test, but 
experience has shown that unless great care is continually taken 
on many details the results are worse than useless, because they 
may be so misleading. 

Some of these details are such things as, what constitutes 
end of life, electrical conditions of operation so results are com- 
parable to practice, and obtaining accurately the desired infor- 
mation on a large number of tubes with & reasonable cost. 

The subject is а complex one because the effect of some par- 
ticular variation of design or manufacturing process may give 
a resultant change in life on one test, whereas, the same test 
conducted a year later, may give an opposite result, due to still 
another slight change which has occurred in the meantime. 

To be of real value, life testing must be kept up continuously 
with triode production. In general, to check up a regularly 
manufactured product, it has been found more satisfactory to 
put a few samples on life test at regular brief intervals, rather 
than relatively larger quantities at less frequent intervals. 

Even with great care in all respects some life test results are 
difficult to understand or analyze. 


REASONS FOR LIFE TEST 

The most important reasons for the life testing of triodes are 
as follows: 

(1) To life test new types before their regular use has begun, 
so as to be certain that no details have been overlooked which 
would prevent the realization of a satisfactory operating life. 

(2) To enable the best choice to be made between several 
different proposed details of design. As will be pointed out later, 
very often some little, apparently insignificant, detail will have 
a pronounced effect upon life. 

(3) To detect marked changes in the life quality of the triodes 
as regularly produced. 

(4) To aid in the choice of the best raw materials conducive 
to long life. 

(5) To determine the most satisfactory exhaust method. 

(6) To learn if any of the characteristics change during the 
operating life and, if so, to what extent. 

(7) To learn the effect on life of different combinations of 
operating conditions such as: 

(a) position of mounting 
(b) room temperature 
(c) filament voltage 
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(d) plate voltage 

(e) plate current 

(f) grid bias voltage 

(g) intermittent operation 


APPARATUS UsED 


The apparatus to be described is located in the Research 
Laboratory of the General Electric Company at Schenectady, 
New York. 


(1) For Receiving Triodes 


The general arrangement of life testing racks for receiving 
triodes is shown in Figure 1. Each of these large racks is divided 
into а number of smaller sections and on each of these sections 
the filament, plate, and grid voltages can be adjusted to any 
desired value within certain ranges. This is accomplished by 
means of small control panels, as shown in Figure 2, which is a 
close-up view of four of the sections. 


FIGurRE 1 


Plate voltage is supplied at 125 volts from the building direct 
current power lines, as it has been found that the regulation of 
these lines is close enough so as not to affect the results. This 
voltage is adjusted by means of a slide wire rheostat in a poten- 
tiometer connection, and the plate voltage on the triodes is 
indicated by а small voltmeter. 
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Тһе grid voltage is supplied from а small low voltage direct 
current generator, and it is adjusted by & small circular poten- 
tiometer rheostat, and the actual bias voltage indicated by a 
small voltmeter. 


I IGURE 2 


The filament voltage is supplied thru special motor generator 
sets equipped with voltage regulating devices so that the voltage 
is held well within plus or minus one percent. Owing to the fact 
that many different voltages are employed, alternating current 
has been found most practical. This low voltage alternating cur- 
rent is supplied by a transformer on each small section and con- 
trolled by a third slide wire resistance. The filament voltage is 
measured by a high grade and frequently calibrated portable 
alternating current voltmeter, especially designed to require less 
current for operation than the usual instruments. When making 
a filament voltage measurement, leads from this voltmeter are 
clipped to the filament terminals of one of the sockets of the 
section. 

It is true, of course, that practically no receiving triodes are 
actually operated on alternating current. We know from expe- 
rience, however, that there is no very great difference between 
alternating current and direct current for filament operation, and, 
ав these life tests are conducted from the viewpoint of obtaining 
comparative results, rather than results to show the highest 
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possible life figures, it is believed that alternating current is 
preferable for filament operation in life tests where & great num- 
ber of different values of filament voltage must be used. 

The main generator for supplying the filaments delivers power 
at & thousand volts and this is stepped down to approximately 
115 volts for the small section transformers behind the main life 
test distributing panel. The individual transformers for supply- 
ing the small sections are located so that the low voltage leads are 
only a few inches long. By this method of distribution, no heavy 
currents are carried thru any great distance and voltage varia- 
tion, due to change of load, is minimized. Also, variations of load 
on one section do not appreciably affect the voltage on other 
sections. 

А large number of the triodes life tested are run under сег- 
tain standardized conditions, and it might seem best, therefore, 
to have one large section devoted to each type. It has been. 
found, however, that sections containing a very large number of 
triodes give a great deal of trouble from high frequency oscilla- 
tions set up in the leads and wires connected with the triodes. 
These oscillations may seriously change the bias voltage con- 
ditions, and even have been found in some cases to vary the fila- 
ment voltage considerably. They are often of such an extremely 
high frequency that it is difficult to prevent their occurrence in 
all parts of asection, and for this reason experience would indi- 
cate that sections containing not more than fifty to one hundred 
tubes are preferable. 


(2) For Transmitting Triodes 

A view of one portion of the transmitting rack devoted to the 
small power triodes is shown in Figure 3. A wire screen pro- 
tective covering is used over the racks and at intervals gates are 
provided to gain access to the triodes. This protection is advis- 
able, as the plate voltages used are from 500 to 2,000. The gates 
are provided with contacts so that this high voltage is automati- 
cally disconnected when a gate is opened. 

Transmitting triodes are, in gencral, tested non-oscillating; 
that is, they are tested at rated filament and plate voltage with 
the plate current adjusted to give a certain power dissipation 
from the plate by means of a proper grid bias voltage. This con- 
dition of operation is similar to that obtained in the use of the 
triode as a modulator, or power amplifier, when no alternating 
voltage for amplification is applied to the grid. 

Because of the high plate voltages used, three fixed values of 
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direct current plate voltage are supplied to this life testing rack. 
These are 2,000, 1,000, and 500 volts. А number of separate 
sections, however, are available for each type of triode and these 
sections are provided with independent control of filament 
voltage and grid bias voltage. 
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FIGURE 3 


In the case of transmitting triodes, alternating current is also 
used for filament operation, but this is entirely logical as. most 
of the power triodes are used in this way. 

Great care must also be taken to prevent very high frequency 
oscillations in these Ше testing sections. In general, a high re- 
sistanee in the grid lead of each tube is employed, and the num- 
ber of tubes per section is also limited. 

The power triode rack, which has just been deseribed, is used 
for testing triodes of the five-watt to the one-kilowatt, 2,000 
volt, types inclusive. 

Some life tests are also run on the high voltage higher power 
triodes, but in this ease the numbers tested are so small relatively 
and the tests are of such a special nature, that they will not be 
Included in this paper. 


(3) Miscellaneous 

hRelavs are provided, operated from the grid bias voltage, 
so that in ease this voltage fails, the filament voltage or plate 
voltage, as is most convenient in any particular case, is discon- 
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nected from the triodes. This is а necessary precaution because 
many types of tubes would be ruined very quickly by overload- 
ing if the grid bias voltage failed for any considerable length 
of time. | 

A recording voltmeter, with charts changed daily, is used]in 
connection with the main filament voltage generator. This in- 
strument shows the voltage.regulation attained, and indicates 
any failure of this supply for even a short period of time. Dur- 
ing the night hours the life test runs with only such attention as 
сап be given it by a night watchman making his rounds about 
once an hour, so that these features are necessary. 

Figure 4 shows an electrically driven commutator having 
two large drums. One of these drums makes a revolution once 
every twenty-four hours and the other once every hour. On the 
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FIGURE 4 


surface of these wooden drums can be easily fastened thin strips 
of copper which can be attached in such sequence as to give any 
desired time control. Pairs of light brushes press against these 
copper strips on the drums and in circuit with them are included 
relays so that plate, grid, and filament voltages on any section 
of the life test can be thrown on or off or varied by certain definite 
steps on any desired time schedule. 
631 


METHOD oF TESTS 


All triodes to be life tested are labeled and each lot is given 
a designation, which is coded to some extent, to indicate briefly 
the identity and classification of the triode. 

For each lot of triodes to be tested a ‘‘work sheet" is made 
out, giving all the information about the identity of the triodes, 
such as the purpose for which the test is being run; the condi- 
tions under which these triodes are to be life tested; the readings 
to be taken initially and during life, and the person or persons 
to whom the results are to be reported. When the life testing 
has been completed, a summary form is filled in, giving as briefly 
as possible the result and desired information. An extra copy 
of this summary is filed under the type of triode tested, so that 
all life information on a certain type of tube can be found in one 
place. 

Usually, the electrical conditions of test are chosen to repre- 
sent at least the most severe conditions given by the rating of or 
instruction sheets accompanying the triode. Very often the con- 
ditions are made even more severe than this. This is done, first, 
to give a factor of safety beyond normal operating conditions 
and, second, to give the results desired as quickly as possible. 
Again, it should be pointed out that the important reason for 
conducting life tests is to obtain relative values and the actual 
figure obtained for a given lot of tubes taken by itself is not 
usually of great interest or value. 

From time to time these life test conditions for each type 
of triode are changed to take account of changing radio prac- 
tices. In so far as possible, the number and frequency of these 
changes are kept to a minimum so that the results obtained on 
a given type of triode are comparable over a considerable period 
of time. 

In general, for each type of triode, a standardized schedule 
is followed, giving the hours at which triodes are removed from 
life test to be given electrical characteristic tests. Such a schedule 
generally includes electrical characteristic tests initially and as 
an example at the end of 25, 50, 100, 250, 500, 750, 1,000, 1,500 
2,000 hours, and so on if necessary. Usually tubes having 
abnormally long lives are removed from test, as waiting for their 
failure greatly delays the final results, and the including of a 
very few abnormally long life figures renders less valuable the 
average figure obtained. 

When only a very few triodes are life tested the average 
figure obtained may not accurately represent the average life 

632 


of a very large number. The Bureau of Standards in its Circular 
Number 13, covering “United States Government Specifications 
for Large Tungsten Filament Incandescent Lamps," gives the 
following tabulation to indicate what they consider an allowable 
variation from specified life, due to the relatively small number 
of samples tested: 


Allowable Allowable Allowable 
Number of % Number % Number 
lamps variation lamps variation | of lamps | variation 
averaged |fromguar-| averaged | from риаг- | averaged | from guar- 
anteed life anteed life anteed life 


250 and above | 19 


For each type of triode there is chosen some value for each 
of the different factors of tube performance which is considered 
the end of useful operating life. For instance, in the case of 
Radiotron UV-201-A, the life is usually considered ended when 
the electron emission has dropped to below 20 milliamperes. Of 
course, in many circuits the Radiotron is still satisfactory when 
the emission has dropped to much lower values, but here, again, 
from the viewpoint of the manufacturer, relative results quickly 
obtained are of first importance. 

In some of the tabulations given in the latter part of the paper 
it will be noticed that often the life figures for individual tubes 
are given to an even twenty-five hours. This is owing to the 
fact that very often between two successive electrical tests some 
factor such as the emission drops below the prescribed limit and 
the time at which it passed below this limit must be roughly 
estimated from the two readings. 

Of course, in a certain number of triodes, failure occurs, due 
to some definite cause, such as filament breakage, air leakage, 
short circuit of the electrodes, and so on, defects which render 
them entirely inoperative. In such a case, if the approximate 
time of this failure has not been noted, a life figure is arbitrarily 
assigned which represents а time halfway between the last elec- 
trical test at which the triode was satisfactory and the test when 
the defect was discovered. 

In general, a complete set of initial readings is taken on all 
triodes placed ол life test so that if during the test some unforseen 
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peculiarity develops it is possible to make another complete test 
and see in what way any of the normal characteristics have 
changed. 

Checks are made at least once a day on the various voltages 
of each sect on. In order to be sure that there is no defect in 
the life test equipment so that triodes are not actually operated 
without plate current, а milliammeter is included in the plate 
voltage line and its increasing indications are noted as the triodes 
are one by one placed on life test. As for each type of tube the 
normal plate current under the life test conditions is known, 
it is quite easy to determine as the tubes are being placed on 
life test whether they are operating under approximately the 
desired conditions. 

When an electrical test, in one of the intervals during life, 
indicates that the electron emission or some other quantity has 
dropped slightly below the limit assigned for end of life, the triode 
is returned to life test and continued with the rest of the lot. 
This is done to obtain information on the further variation of this 
quantity and also to be certain that the drop was not temporary 
or due to some inaccuracy in testing. If, at the next test period, 
the same factor on this triode is still below the allowable limit, 
the hours up to the previous test are considered the life of the 
tube. 


REsULTS OBTAINED From LIFE TESTING 
(1) General 

Operation of the life testing equipment for a period of nearly 
two years has given certain general results which will be first 
noted: 

(a) There are so many factors involved in the life quality 
of triodes that it is dangerous to extend the results obtained from 
one test to cover what appears to be a similar case. In other 
words, there are so many factors, both in manufacture and oper- 
ation, determining the life of triodes that the same test run six 
months or a year later very often does not give similar results. 

(b) In the case of the development of a new triode involving 
many new features of design, the causes of failure will go thru a 
number of different phases before the development is completed. 
For instance, the very early samples of a new transmitting type 
may all fail from arcing over of the glass stem near the seal. Tri- 
odes in which this defect has been eliminated when put on life 
test might all fail from filament breakage at a little later period 
in life, safely going by the period when the first defect occurred. 

634 


After this filament breakage difficulty has been eliminated an- 
other lot may last slightly longer and then develop difficulty from 
continued overheating of some part. This is just an imaginary 
case, illustrating the sort of thing which is quite common in a 
new development in its early stages. 

(с) Seemingly unimportant, or very minute, details of design 
or manufacture may have a very pronounced effect on life. Some- 
times different lots of triodes have surprisingly large life varia- 
tions and it is often extremely difficult to learn the cause of these 
differences. 

(d) Up to the present time no thoroly satisfactory method 
for the forced life testing of triodes has been developed which 
allows the life quality to be judged by а life test covering only a 
few days. It is believed such a forced life test, that is reliable, 
can be developed, but a great deal more experimental work will 
have to be done before it can be used to displace life testing under 
normal conditions. 

(e) To be of value in judging the quality of a product, life 
testing must be carried on at regular and frequent intervals. 
Even under these conditions, individual results occasionally will 
vary widely, due probably to slight variations in the product 
or method of testing, which have escaped detection, or owing to 
the fact that the small number of samples chosen for testing hap- 
pened to be far from representative of the product as a whole. 

(f) It is not possible in the present stage of this work to get 
exact quantitative relations between such factors as life and plate 
voltage, or some of the varying conditions of use. Тһе best that 
can be done is to get the general trend of these variations and 
relative values. 


(2) Specific Results 

Using the life test equipment, which has been briefly de- 
seribed, there have been life tested during the past eighteen 
months about one thousand lots, comprising nearly 10,000 
triodes. Some of these are still on test. In giving some of the 
actual results obtained the life test summary sheets and work 
sheets were examined to pick out cases which were typical of 
clean cut results, indicating certain relations that are of interest. 
One of the great difficulties of triode life testing is the occa- 
sional seemingly contradictory results and the difficulty of 
analyzing them. 

Therefore, in connection with the results given, it must be 
remembered that these are special cases picked out specifically 
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to illustrate some point and in most cases are special lots of tri- 
odes, representing experimental variations in the standard 
product. 


TABLE I 


piscine ЕНШ >; бұруы аа ҰЗ DOTT Radiotron UV-200 
Lot Number J-M-403 
Number. of tubes tested... cos eases 6 
Life test conditions: 
Filumsüt VOUS анил» 5.0 A, С; 
Puta vulla. casa eos ГУ 20 D. C. 


Grid connected to one end of filament. 


Tube Number 


| Hours Life | 


1300 
1200 
1200 
1800 
1900 

100 


Failure due to 
Filament burn out. 
Filament burn out. 

Loss of detector action. 
Filament burn out. 
Filament burn out. 

Broken Filament 


Average life 1,350 hours. Max. 1,900. Min. 700. 
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These illustrate the results of a test run to learn whether the 
gas pressure in this lot of UV-200 Radiotrons varied during life, 
and if so in what way. 

The gas pressure in these different triodes was initially nearly 
alike and varied quite similarly during life, so that the average, 
as plotted, gives a good idea of the result obtained. Тһе curve 
indicates that the gas pressure during life remains almost con- 
stant, with the exception of а rather decided drop near the be- 
ginning. Тһе other variations are hardly more than the experi- 
mental error in determining the pressure. 


TABLE IIA 
Type of tube.................. Radiotron Model UV-201-A 
Lot Number Т-5-1 
Number of tubes tested. ............ 7 
Life test conditions: 
l Filament voltage................ 5 А. C. 
| Plate voltage.................. 60 D. C. 
Grid voltage.............. 5 volts D. C. 


Tube Number Hours life Cause of failure 


*la 10,000 Base defect 
*2a 10,500 Low emission 
3a 11,5004- No failure removed from 


test 
*4a 8,300 Low emission 
lb 3,800 Low emission 
*2b 9,000 
3b 1,000 Accidentally broken 


Average life 7,729+. Max. 11,500+. Min. 3,800. 


These results were chosen to indicate a rather usual form of 
variation of electron emission with life on such triodes as the 
UV-201-A. 

As a matter of interest, two different lots were combined; 
one lot ПА, having exceptionally long life; the other lot IIB, 
being defective tubes having exceptionally short life. Curve 2 
was plotted using the triodes marked with an asterisk on Tables 
ПА and IIB. Four tubes were picked from each lot that had 
roughly the same length of life. This was done so that values 
could be conveniently combined on a percentage basis. Тһе 
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curve shows that there is somewhat of an increase in emission 
during the first half of life, the latter half of life showing a de- 
crease. In this test the life of the triode was considered as being 
terminated when the emission dropped below 20 milliamperes. 


TABLE IIB 


Type of імһе................... Radiotron Model UV-201-A 
Lot Number M-W-1 (Defeetive exhaust) 
Number of tubes ісвісі................ 6 
Life test conditions: 
Filament уоЙарс................ 5 А.С. 
Plate хоһарс.................. 60 D. C. 


Grid... Connected to one filament terminal 


Tube Number Hours life ' Cause of failure 


+1 | Low emission 
Low emission 
Low emission 
Low emission 
Low emission 
Low emission 
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TABLE ПІ 


ЖҮЙЕСІ SUD uaa ape Parra Radiotron Model UV-199 

Lot ges m ADD. Luo v xb RS N-S-1 

Number of tubes (сеса............... 2: 

Life test conditions: (Electrical) 
PIDE uu oae permuta 3.0 volts А. C. 
РАЙЫ»; robot oed e RES 60 volts D. C. 
Ero 5222; Connected to one filament end 


Tube | Hours Cause of Tube Hours Cause of 
Number life { “иге Number failure 


915 б emission 32 Base defect 
915 Low emission 33 5 Low emission 
500 Low emission 34 Low emission 

1,800 | Low emission а! | : Base defect 
425 | Low emission 36 aE. Low emission 
675 Low emission 35 | 25 Low emission 
1.150 Low emission 3t E Low emission 
Fil burn out Low emission 

Short eire uit ( Fil. burn out. 
Low emission | Р | 9: Low emission 
Low emission | Low emission 
Broken filament 


Average life 781 hours. Max. 1,500. Min. 25. 
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These give the results on a test of twenty-three Radiotrons, 
Model UV-199. Curve 3 is plotted between life in percentage 
of average and the percent of triodes still operative. Тһе object 
of giving the results of this test and plotting this curve is to show 
that on a relatively large number of tubes the average life is indi- 
cated with an approximate degree of accuracy by the number 
of hours that have elapsed when half of the triodes started on 
test have failed. The less developed the product the nearer this 
curve approaches a straight line drawn between the beginning 
and end of the curve shown. In other words, the more highly ` 
developed product shows fewer early failures and fewer excep- 
tionally long lives, the majority failing around average life for 
the lot. 

Table IV is given to illustrate how some very slight detail 
of manufacture or design will greatly affect the life of the triodes. 
These four lots were identical, except that the two lots had a very 
slight difference in the nature of the grid; a difference that would 
entirely escape ordinary inspection, but happened to be noted 
in these experimental lots of Radiotrons, Model UV-201-A. АП 
of the life failures on these lots were due to loss of emission, 
which in connection with the fact that the only difference be- 
tween the lots was а detail relative to the grids still further 
emphasises what great care must be employed in Radiotron 
manufacture and design. All four lots were life tested in identi- 
cally the same way. In the two lots А and C there were no fail- 
ures up to 2,000 hours; whereas, in the other two lots, B and D, 
the average life was low and only опе tube lasted а thousand 
hours. 


TABLE IV 
Type of tube life tested.......... Radiotron Model UV-201-A 
Lot Numbers.......... R64-A, B, C, D 
Number of tubes tested. ..............30 
Life test. conditions: 
Filament voltage...............5.0A. C. 
Plate уоПавс................. 120 D. C. 
Grid уоНарс.................. —6 D. C. 


Lots А and С. 
All good at the end of 2,000 hours with average emission more 
than double the lower limit of 20 milliamperes considered the end 


of life. 
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Lot B | Lot D 


Tube ХатВег|” Hours life | Tube Number) Hours life 


175 
100 
300 
275 
175 
175 


500 
300 
300 
250 
490 
350 
1050 275 
750 200 


300 All failures low emission. Aver. life 
250 209. Max. 300. Min. 100. 


So won © л ,Ь Wh = 
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All failures low emission. 
Average life 354. Max. 1,050. Min. 250. 


In this test, also, end of life was considered as having been 
reached when the electron emission dropped below 20 milliamperes. 

Table V shows the results of а life test conducted on ten 
Radiotrons, Model UV-204-A, which is а power triode having a 
rated output of 250 watts. 


TABLE V 
Type of tube.................. Radiotron Model UV-204-A 
Number of tubes life tested............ 10 | 
Life test conditions: (Electrical) 
Plate voltage. .......... 2,000 volts D. C. 
Plate current.......... 0.125 amps. D. C. 
КПатеп&................. 11 volts А. С. 


Object of lest —To determine if intermittent filament operation 
(15 hour оп and 15 hour off) was detrimental to life of this par- 
ticular type of tube. 

Lot A—Intermittent operation 


Tube Number Hours life 


7,569 1,577 
7,572 1,000 


7,579 2,500-- 
7,590 691 
7,508 960 - 


Average Ше 1,346-- hours. Max. 2,500+ hours. Min. 691 


hours. 
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Lot B—Continuous Operation 


Tube Number Hours life 


4,137 1,500 
7,004 445 


7,561 1,370 
7,580 291 
7,582 1,718 


Average Ше 1,065 hours. Мах. 1,718 hours. Min. 291 hours 


The object of this test was to determine whether intermittent 
operation of the filaments greatly shortened the life of this type 
of triodes. Five of them were operated with the filaments in- 
termittently on one-half hour and off one-half hour. The other 
five were operated continuously. АП other life test conditions 
were the same. The results indicate that there is certainly in 
this particular lot of tubes no detrimental effect incidental to 
intermittent filament operation. Тһе slightly longer life on in- 
termitte nt operation is not noteworthy, because the percentage 
difference between the lives of the two lots is not greater than 
would be expected, due to the small number of samples tested. 

The commutator described in a previous paragraph was used 
for automatically turning the filaments on and off during test. 
In this test the conditions of operations were severe; again, in 
order to get the answer quickly. 

It is believed from some tests made on the filaments of re- 
ceiving Radiotrons that intermittent operation has no injurious 
effect. On some of the high power high voltage triodes, however, 
there is some reason to believe that intermittent operation does 
have a bad effect on life. 

Curve 4 gives the result of a test made on a few Radiotrons, 
Model UV-201-A, to determine in what way life was affected by 
variation of filament voltage. The curve indicates that in the 
range tested the life of this particular lot of tubes was halved or 
doubled when the filament voltage was increased or decreased 
ten percent, respectively. Tests have not been run on a suffi- 
cient number of tubes to indicate the accuracy of these results, 
and they are merely given as an example of results obtained from 
one particular lot. 

In making this curve the actual figures were plotted on a 
separate curve sheet of the semi-log type. A smooth line was 
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drawn to give the best interpretation of the results and Curve 4 
was plotted from this line. 

The calculated rate of evaporation of tungsten, confirmed 
by test experience, indicates that the Ше of a pure tungsten 
filament triode, other factors being the same, will be halved or 
doubled with a five percent increase or decrease, respectively, of 


filament voltage. This relationship is shown in Curve 5 plotted 
on а percentage basis. 
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In the case of a pure tungsten filament triode the filament 
temperature is so high that the life is usually terminated by actual 
burnout and during life there is a slight evaporation of tungsten 
from the surface so that its diameter is slightly decreased. Ех- 
perience in the life testing of tungsten filament lamps indicates 
that on the average the life of a tungsten filament is ended when 
the evaporation has reached such a point that the diameter has 
been decreased by about three percent to ten percent, depending 
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upon'the diameter of the filament. The larger the diameter of 
the filament the greater the percentage of evaporation before 
failure occurs. 
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This decrease in filament diameter during life causes an in- 
crease in filament resistance and when the filament is operated 
at constant voltage there is, therefore, a decrease in filament 
current. 

Curve 6 shows such a filament current decrease, plotted in 
percent, for a fifty-watt type of triode having a pure tungsten 
filament. 

It might be supposed that this drop of current would cause a 
drop in electron emission, but this is not always the case, and 
when it does occur it is often only very slight in amount. The 
reason for this is that as the current. goes down, due to the de- 
crease of filament diameter, so also does the heat radiating sur- 
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face decrease, and, therefore, the temperature is maintained at 
nearly constant value. Also, experience has shown that in many 
cases this evaporation gives & purer tungsten surface which 
emits electrons at a considerably higher rate per unit of area 
than the initial surface which might have been somewhat con- 
taminated. 
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In conclusion, it is again to be emphasized that these specific 
results have been selected to illustrate some of the results ob- 
tained from the life testing of triodes, but by the very nature of 
the tests and the way triodes are used, they cannot in any way 
represent the life to be expected in any individual case of oper- 
ation. 

As explained at the beginning of the paper, the life of a triode 
is not a constant for any particular type, but is variable as are 
most of the other characteristics, depending upon many factors. 


SUMMARY : It is first pointed out that triodes arelife testcd primarily as an 
aid to the manufacturers in proving their performance and useful length of 
service rather than to obtain any average life figure. The apparatus employed 
and its method of operation, together with the procedure in handling the 
data, is next described. 

Some actual results obtained are then given toillustrate the methods em- 
ployed and results obtained. These results are given in the form of tables 
and curves. 

One point emphasized thruout the paper is that triode life is just as much 
a variable as other factors such as electron emission or impedance. 
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FURTHER DISCUSSION ON *A METHOD OF MEASUR- 

ING VERY SHORT RADIO WAVE LENGTHS AND THEIR 

USE IN FREQUENCY STANDARDIZATION,” ву F. W. 
DUNMORE AND Е. Н. ENGEL 


S. R. Kantebet (by letter): The discussion on the above 
paper raised by Messrs. Takagishi and Kawazoe has brought out 
an important point in the distribution of current along a pair of 
parallel wires carrying stationery waves. The writer himself, 
in making certain measurements on wave lengths of the order 
of six meters, has found that wave shapes like the ones experi- 
enced by Takagishi and Kawazoe exist even under conditions 
entirely different from theirs. 

In these experiments а 50-watt Mullard valve was used as the 
source of short radio waves. The oscillatory circuit was of the 
Hartley type. А single turn of number 14 standard wire gauge 
3 ст. in diameter formed the plate circuit coil. In the grid cir- 
cuit there was & coil of 3 turns of 1 cm. diameter, mounted at a 
distance of about 6 cm. from the plate coil. Тһе parallel wires 
were bent at the input and into a loop of about 20 ст. diameter. 
The loop was nowhere nearer the oscillatory circuit than about 
30 em. Finally, instead of a heavily shunted thermal instrument, 
a selected carborundam crystal connected onto a galvanometer 
was used for measuring the current distribution. 

It will be seen from this that the coupling between the wires 
and the valve circuit could not be called tight, especially having 
regard to the fact that the oscillatory circuit was so small, the 
parallel wires so far off, and the the input to the valve never more 
than about 25 watts. Still when current measurements were made 
with the crystal and galvanometer for a distance covering over 
three half-waves along the wires, and the results plotted to a dis- 
tance base, it was found that each half-wave had two maxima 
with a central depression. Апа this distribution of current per- 
sisted even when the coupling loop was distorted into а thin 
rectangle. Hence the objection of tight coupling, as suggested by 
Dunmore and Engel, does not seem to answer the point. 

It will be interesting to note here that whereas this distribu- 
tion was got by chance, Messrs. G. Lamm and E. Graham have 
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obtained similar curves in an entirely different way (‘‘Wireless 
World and Radio Review,"— December 31, 1924 and January 7, 
1925.) Their parallel wires were 16 meters long, 2 mm. in diame- 
ter with a clearance of 5 cem. Measurements were made with а 
thermo-ammeter of 60 ohms resistance. However, in contrast 
with other experiments, they short-circuited the wires at one end 
and induced the radio frequency currents nearer the other end of 
the wires which were here joined together thruanelectrolyticresist- 
ance the value of which (117.5 ohms) was got at experimentally 
so as to give а very pronounced central depression for every half 
wave. They give 500 ohms as the surge impedance of these wires. 

In explanation of these curves, they say: ''It will, of course, be 
understood that the influence of the measuring instrument (on 
the shape of the wave) will increase as its impedance becomes 
smaller compared with the characteristics of the parallel wires, 
their characteristics being 500 ohms for these frequencies (30 
thousand kilocycles). We can connect a resistance between the 
terminals at end B and carry out similar calculations. The re- 
sult will be that we can obtain any form of curve from a pure 
sine wave. 
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“If we want to get the original curve, the impedance of the 
measuring instruments should be great compared with the char- 
acteristic of the wires.” They also prefer measurements being 
made with nodes instead of loops for reference points, as they say 
high accuracy is possible there. 

The central depression in the INSTITUTE experiments was 
attributed to the presence of the 3rd harmonic component in 
the fundamental wave, without experimental verification. So 
much for the central dip in the distribution curves. 

A word may here be said about the different means available 
for measurement, some of these being a thermal instrument, 
with or without a shunt, a crystal rectifier and a valve detector. 
The latter two seem to be specially suitable from the point of 
view of reflection. Pronounced current loops exist on a pair of 
wires only when the co-efficient of reflection, 


is unity. Тһе resistance of crystals and thermionic valves is 
several thousand ohms, whereas the surge impedance of parallel 
wires is usually а few hundred ohms. Consequently the reflec- 
tion factor becomes practically unity (+1) and not very different 
from that of the method under review which works with K= — 1. 

Coming to the thermal instruments, the following doubt 
arises. Firstly, they are not very sensitive for small currents 
and their scales are crowded near the zero point. So one has 
only to work at the current loops. In the INSTITUTE experiments, 
as also those referred to above, it has been found preferable to 
work at the node. In the former case, the thermal instrument 
gave а much flatter curve with not very definite maxima and min- 
ima. The crystal, on the other hand, showed capacity for con- 
siderable precision, the node having been traced down to a few 
micro-amperes. 

Secondly, the use of а shunt across the thermo-ammeter 
seems to be open to the following objection. Ав has been ad- 
mitted (“Scientific Papers of the Bureau of Standards," number 
491), almost all the current passes thru the shunt and only about 
а four-hundredth part goes to the heater of the instrument. 
Suppose that, for example, for a certain position 100 microam- 
peres flow thru the heater, then 40,000 flow through the shunt. 
Suppose next that, due to a certain shifting, 1 percent change 
takes place іп the current. Out of a total change of 101 micro- 
amperes, the current change in the heater will be only 1 micro- 
ampere in the hundred already flowing thru it. Consequently 
the change in the heating effect is in the proportion of 10^ *, which 
should be very difficult indeed to perceive. With the shunt 
removed, all the change would affect the heater and, as such, 
would be easily perceivable. бо the heavy shunt seems to reduce 
the sensitivity of the instrument very considerably. 

As regards reducing the effective resistance of the wire system 
thru the use of the shunt, perhaps the object could be achieved 
by using а thicker wire without losing the sensitivity of the in- 
strument. 

Department of Electrical Technology, 
Indian Institute of Science, 
Bangalore, India. 


F. W. Dunmore, Е.Н Engel, and А. Hund (by letter): In 
reply to Mr. S. R. Kantebet’s remarks, the parallel wire method 
of measuring very short wave lengths deseribed by Е. W. Dun- 
more and Е.Н. Engel in the PROCEEDINGS OF THE INSTITUTE OF 
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{Алишо ENGINEERS, volume 11, number 5, article 23, page 407, 
and discussed theoretically by Dr. A. Hund in ''Bureau of Stand- 
ards Scientific Paper" number 491, “Тһеогу of Determination of 
Ultra-radio Frequencies by Standing Waves on Wires," has since 
been further investigated experimentally by other members of 
the Bureau of Standards radio laboratory staff. With the con- 
ditions as described in detail in the above papers, it was never 
possible to obtain two maxima as obtained by Mr. K:antebet. 
The resonance settings were always decidedly sharp. The 
resonance settings were not nearly so sharp when no shunt was 
used on the indicating instruments. With the shunt, check 
settings could be made within 1 mm., whereas without the shunt 
it was impossible to duplicate settings within 2 mm. Resonance 
curves taken with and without the shunt showed much sharper 
resonance with the shunt. The experiments here agree with Mr. 
Kantebet's suggestion that a crystal detector would be a good 
means of indication. А crystal detector in series with a portable 
galvanometer (full-scale deflection = 1 milliampere) as the indi- 
cating device was found quite satisfactory. А shunt was used 
across this combination. The use of this combination increased 
the sensitivity. Ав brought out in the above paper, the indi- 
cating instrument bridging across the parallel wire system should 
be as compact as possible. It is doubtful whether reliable results 
can be obtained when long leads run to a tube or any other indi- 
cator. The parallel wire system should be suspended freely as 
fur away as possible from other apparatus. 


Radio Laboratory of Standards, 
Department of Commerce, 
Washington, D. C. 


DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


IssuED су 7, 1925--Ауссвт 25, 1925 
Вү 
Joun B. BRADY 


(Ратехт Lawyer, Ouray BviLDiNG, WasuiNGTON, D. С.) 


1,544,746—J. H. Hammond, Jr. Original filed August 10, 1916, 
issued July 7, 1925. 


Ж. 


UMBER 1,544,746— Method and Apparatus for 
Controlling Water Craft from Aircraft 


METHOD AND ÁPPARATUS FOR CONTROLLING WATER CRAFT 
From AIRCFAFT, where the water craft is provided with steering 
means and a radio receiving apparatus which is arranged to con- 
trol the steering means. А directional loop is arranged aboard 
the water craft so that signals may be received from а radio 
transmitter aboard an aircraft directly over the loop for con- 
trolling the steering mechanism aboard the water craft. 


1,545,040—W. Dornig, filed May 10, 1923, issued July 7, 1925. 
MULTIPLYING TRANSFORMER for radio transmission systems, 


in which a secondary oscillation circuit is connected between the 
transformer and the antenna system, and the circuit tuned to the 
frequency of the antenna system. An auxiliary circuit is con- 
nected to the transformer and tuned to the upper harmonics of 
the primary frequency by which the desired frequency is im- 
pressed upon the antenna system. 


1,545,041—W. Dornig, filed May 10, 1923, issued July 7, 1925. 
CiRCUIT ARRANGEMENT ков  FREQUENCY-MULTIPLYING 


* Received by the Editor, September 15, 1925. 
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TRANSFORMERS, wherein high frequency oscillations are pro- 
duced in a single transforming step by wave distortion in the 
transformer core. А circuit is provided including with oscilla- 
tion producer which is arranged to impress upon a radiating 
svstem the desired high frequeney signaling energy due to the 
exclusion of undesired frequencies. 


1.545.207—C. С. Smith, filed August 30, 1920, issued July 7, 
1925. Assigned to S-Tube Corporation, Dover, Delaware. 

ELECTRICAL APPARATUS comprising a tube construction hav- 
ing an electrode of extended surface area with a second minimum 
area across an intervening space. Тһе space between juxtaposed 
surfaces of the electrodes is sufficiently short and the gas pres- 
sure sufficiently low as to prevent initiation of substantial con- 
duction directly across the space by potentials high enough to 
initiate conduction across longer gaps. Тһе electrodes are in- 
sulated to prevent substantial conduction between all other por- 
tions of the area thereof. Тһе plates form a condenser disposed 
in vacuum with extremely high break-down potential. 


1,545.247—J. О. Gargan, filed October 17, 1919, issued July 7, 
1925. Assigned to Western Electric Company, Incorporated. 
SUPPORT FOR Хассом Тсвев, by which vibrations are pre- 
vented from reaching the tubes by means of a resilient mounting. 
The vacuum tube support comprises a laver of vielding material, 
such as sponge rubber, with a rigid member attached to be spaced 
from the material with the vacuum tube secured to this member. 
The tube projects from the member and toward the material. А 
pluurality of tubes are suspended from the flexible mounting by 
members which hang downward from the resilient material. 


Ке. 16.113—R. J. Fitzgerald. Original filed November 4, 1919, 
issued July 14, 1925. Assigned one-half to J. Arthur Fischer, 
New York. 

CONDENSER having a plurality of stationary conducting 
plates and a plurality of interposed movable plates connected 
together and movable in their own planes into and out of posi- 
tion between the stationary plates. Each plate has a non-con- 
ducting coating on opposite sides thereof to enclose the plate. 
The coating of each movable plate is separate from the coating 
of each adjacent stationary plate. 


1.545.502— Marius Latour, filed August 29, 1921, issued July 14, 
1925. Assigned to Latour Corporation. 
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Rapio TELEPHONY, in which telegraphic signals are received 
from a radio frequency transmitting station by super-imposing 
locally generated radio frequency oscillations on the receiving 
oscillation and adjusting the difference of the locally generated 
frequency and the signal frequency within the limits of audibility 
so that the beat note does not interfere with the speech. "The 
invention is an extension of the heterodyne principle used in 
telegraphic systems to reception in radio telephony. 


1,545,523—H. Riegger, filed November 18, 1924, issued July 14, 
1925. Assigned to Siemens and Halske, Berlin. 


MEANS FOR TRANSMITTING TIME SIGNALS, by the discharge 
of a condenser across an inductance and an ohmic resistance both 
of which are so dimensioned that the discharge requires a certain 
duration only which is determined by the prescribed accuracy. 
The condenser circuit is accurately adjusted so that the discharge 
occurs over predetermined time intervals. 


1,545,591—J. J. Madine, filed March 6, 1923, issued July 14, 
1925. Assigned to Western Electric Company, Incorporated. 


MANUFACTURE OF ELECTRON DIscHARGE Devices, in which 
a tight seal between the leading-in wires and the glass envelope 
is insured. The envelope of the tube and the glass stem which 
supports the electrode are made of different types of glass. Aper- 
tures are formed at the junction of the different types of glass 
and the leading-in wires passed therethru by applying a bead of 
glass to the leading-in wires. The bead is fused to close the aper- 
ture between the glass portions. 


1,545,599—P. O. Pedersen, filed March 22, 1921, issued July 14, 
1925. Assigned to Poulsen Wireless Corporation. 


METHOD OF AND MEANS FOR PRODUCING OSCILLATING CUR- 
RENTS OF Rapio FREQUENCY, іп which the efficiency of an arc 
generator Is increased. The arc generator is provided with two 
electrodes between which the arc is formed with magnetic pole 
pieces arranged on opposite sides of the arc with adjustable shoes 
on the pole faces for shaping the magnetic field about the arc. 
The arc voltage is maintained at a low value during the longer 
part of the cycle. 


1,545,607—J. C. Schelleng, filed December 22, 1920, issued July 
14, 1925. Assigned to Western Electric Company, Incor- 
porated. 
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SYSTEM OF WAVE DISTRIBUTION, in which circuits are pro- 
vided for maintaining the frequency of an oscillator constant 
under varying conditions of load. А wave distorting circuit is 
coupled to a frequency determining circuit and connected to a 
source for producing harmonics of the wave from the source. А 
work circuit is provided which constitutes parallel resonant paths 
for the harmonic frequency which is maintained constant and 


which may be impressed upon an antenna circuit for transmis- 
sion. 


1,545,639—S. Cohen, filed July 11, 1922, issued July 14, 1925. 
Assigned to Grace А. Barron, New York. 


NUMBER 1,545,039 
—Vacuum Tube 
Mounting 


Хасссм Tuse Mounting, in which the electron tube is car- 
ried upon a movable structure by which the tube may be nor- 
mally disposed within a cabinet and withdrawn to permit removal 
or re-insertion of a tube in the socket member. "The socket mem- 
ber is guided by rods on opposite sides thereof enabling it to be 
readilv moved to a point adjacent the front of the panel or re- 
turned to a position behind the panel when the tube is to be in- 
serted or removed from the socket. 


1,545,654—A. Н. Hoppock, filed November 20, 1920, issued July 
14, 1925. Assigned to Western Electric Company, Incor- 
porated. 
WaTER-CooLED ANODE FOR VacuuM TUBES, comprising a 
closed vessel having thin parallel side walls closely adjacent each 
other. One of the side walls is provided with depressions form- 
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ing a tortuous path thru the vessel in which a cooling fluid may 
be passed. 


1,545,697-0. С. Roos, filed November 4, 1921, issued July 14, 
1925. 


HA 
NUMBER 1,545,697 —Electromagnetic Wave Receiving System 


ELECTROMAGNETIC Wave RECEIVING SYSTEM, in which the 
effect on the signal-indicating device of electrical vibrations 
created in the system by static disturbances may be acoustically 
eliminated while the desired signals may be amplified and re- 
ceived. А percussion chamber is provided into which the sound 
vibrations from the telephone receiver of the receiving system 
are delivered. A reverberation chamber is acoustically associated 
with the percussion chamber with which there is associated a 
stationary wave separating chamber from which desired signaling 
energy is delivered to a signaling indicating device while the pas- 
sage of static disturbances is acoustically prevented. 


1.545,940—C. Cabot, filed May 25, 1922, issued July 14, 1925. 


NUMBER 1,545,940—Electromagnetie Wave Receiving System 
ELECTROMAGNETIC Wave RECEIVING SysTEM of the radio 
frequency amplifier type which is non-regenerative.: The radio 
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frequency amplifier comprises several stages having parallel 
branch circuits with inductance in one branch and a capacity in 
another branch, both of which may be simultaneously adjusted 
to resonance. А vernier tuning adjustment is provided for in- 
suring the exact resonance of the system and preventing oscilla- 
tions in the radio frequency amplifier. 


1,546,579—J. H. Hammond, Jr., filed October 14, 1925, issued 
July 21, 1925. 
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NuMBER 1,546,579— Dual System of Control for Dirigible 
Devices 

DUAL SYSTEM OF CONTROL FOR DIRIGIBLE DEvicEs, such as 
marine vessel, a torpedo, an airplane, or any other dirigible de- 
vice, which may be steered or stabilized with respect to a given 
axis. A control mechanism is provided on the dirigible device 
whereby the receiving antenna may be automatically elevated 
on receipt of a particular signal. 


1,546,639—C. L. Farrand, filed May 14, 1919, issued July 21, 
1925. Assigned one-third to Cornelius D. Ehret, Phila- 
delphia. 


NUMBER 1,546,639 
—Method of and 
Apparatus for the 
Reception of Radio 
Signals 
655 
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METHOD OF AND APPARATUS FOR THE RECEPTION OF RADIO 
SIGNALS, by impressing the received signaling energy upon the 
anode-cathode circuit of a thermionic impedance. The impedance 
is independently varied by varying an electrostatic field at pre- 
determined frequency different from the incoming signaling fre- 
quency whereby the signaling current may be translated into 
intelligible sounds. 


1,546,696—J. Е. Yates, filed August 7, 1923, issued July 21, 
1925. 


VACUUM TUBE, in which a mid-tap is taken from the cathode 
to а contact exterior of the tube which connects to the grid cir- 
cuit and alternating current supplied across the cathode. Тһе 
variations in the input circuit therefore occur between a sub- 
stantially equipotential point on the cathode and the grid, avoid- 
ing interference from the alternating current hum. 


1,546,731—J. H. Herzog, filed January 23, 1923, issued July 21, 
1925. Assigned to Herzog Radio Corporation. | 


NUMBER 1,546,731—Radio Apparatus 


RADIO APPARATUS, in which signals are received from a single 
direction only and undesired signals from the opposite direction 
blocked out. А pair of coil antennas is arranged in such physical 
relationship and electrically connected in series in such manner 
that uni-directional reception is secured. 


1,546,776—W. R. Bullimore, filed November 24, 1924, issued 
July 21, 1925. 

MANUFACTURE OF FILAMENTS FOR ELECTRIC LAMPS, THER- 
MIONIC TUBES, AND THE LIKE, which consists In passing a base 
or metallic core thru a liquid containing in suspension an agglu- 
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tinant and an alkaline earth metal compound for the purpose of 
simultaneously effecting a coating of agglutinant and metal com- 
pound. Тһе agglutinant is subsequently burnt away. leaving 
the filamentary cathode. 


1,546,781—C. L. Farrand, filed October 13, 1919, issued July 21, 
1925. Assigned one-third to Cornelius D. Ehret, Phila- 
delphia, Pennsylvania. 


NUMBER 1,546,781 
-——Methods of and 
Apparatus for the 
Reception of Radio 
Signals 


METHOD OF AND APPARATUS FOR THE RECEPTION OF RADIO 
SIGNALS transmitted by continuous waves where the received 
signaling energy is impressed upon a thermionic detector, the 
operation of which is periodically varied by means of a thermionic 
impedance which varies in magnitude periodically at a frequency 
above audibility. The received signaling current as modified by 
the impedance variation is translated into intelligible signals. 


1,546,801—C. P. Sorensen and К. №. Satterholm, filed January 
22, 1915, issued July 21, 1925. 


HOLDER FOR CONDENSERS, which does not require the use of 
soldered connections between the condenser terminals and the 
metallic clamps on the condenser stack. А pair of resilient arms 
extend on opposite sides of the clips which clamp the condenser 
stack and support the condenser mechanically at the same time 
that good electrical connection is established. 


1,546,878—E. Е. W. Alexanderson, filed June 7, 1921, issued 
July 21, 1025. Assigned to General Electric Company. 
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NUMBER 1,546,878—Radio Receiving System 


Rapio RECEIVING SysTEM for the operation of a multiple 
number of receivers simultaneously on the same antenna system. 
A long horizontal receiving antenna is used with a plurality of 
receiving sets connected therewith and a plurality of tuned cir- 
cuits connected in the ground circuit for reflecting over the an- 
tenna from another point therein currents of equal magnitude 
and opposite phase to the undesired currents for suppressing 
undesired oscillations in the system. 


1,547,412—Roy Crocker, filed May 8, 1922, issued July 28, 1925 


VARIABLE CONDENSER, in which flexible metallic sheets 
spaced by flexible dielectric material аге rolled from one roller 
to another for effectively varving the capacity of the condenser. 


1,547,670—J. W. Radu, filed November 8, 1910, issued July 28, 
1925. Assigned to Western Electric Company, Incorporated. 
VACUUM TUBE, in which the base of the tube is formed from 
a molded piece of insulated material with dome shaped projec- 
tions on the base thereof over which metallic contacts are in- 
serted and connected to the electrodes of the tube thru the 
molded base. This is the construction for the terminal contacts 
on the Western Electric Company's "peanut tube." 


1,547,684—H. C. Rentschler, filed August 17, 1923, issued July 
28, 1925. Assigned to Westinghouse Lamp Company. 


OSCILLATION GENERATOR AND JOINT OPERATION THEREOF, 
where oscillation generators of the arc type are employed in asso- 
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ciation with а transmitting antenna system. Тһе arcs are en- 
closed in vessels which contain a pool of mercury. The vessels 
are tilted in order to start the arcs, thereby bridging the distance 
between the arc electrodes with the mercury, and while in this 
position the power is impressed across the electrodes and then 
the vessels tilted in upright position for setting up a sustained arc. 


NUMBER 1,547 684—Oscillation Gener- 
ator and Joint Operation Thereof 


1,547,753—W. С. Housekeeper, filed August 30, 1920, issued 
July 28, 1925. Assigned to Western Electric Company. 


Process OF TREATING METAL to a high heat in a vacuum by 
which the metal is prepared for use in thermionic tubes by clear- 
ing the metal of occluded gases. The electrodes for the tubes are 
stamped from untreated metal and the formed electrodes then 
subjected to a high heat in vacuum. The electrodes are assem- 
bled within the enclosing vessel and then the vessel evacuated 
simultaneously with the heating of the electrodes. 


1,547,760—R. W. King, filed July 22, 1919, issued July 28, 1925. 
Assighed to Western Electric Company, Incorporated. 


ELECTRON DiscHARGE DEVICE, in which provision is made for 
preventing leakage between the leading-in wires at high voltages 
and ionization of the gas in the tube at high voltages due to the 
emission of occluded gases from the electrodes is avoided. Тһе 
electrodes are supported within the tube on arms of refractory 
material. Wires are sealed into the tube and a metallic clamp 
provided between the ends of the arms and the wires. 


1,547,812—W. F. Hendry, filed September 4, 1919, issued July 
28, 1925. Assigned to Western Electric Company, Incor- 


porated. 
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VacuUuM TUBE AND METHOD OF MANUFACTURING THE SAME, 
in which the electrodes within the tube are positively spaced 
apart by an insulating block of fusible material which is poured 
into a mold into which supporting wires from the electrodes 
extend. When the material hardens, the electrodes are positively 
secured against displacement. 


1,547,885—J. Е. iandberg, filed December 19, 1923, issued July 
28, 1925. Assigned to Reliance Die and Stamping Company. 
ELECTRIC CONDENSER of variable construction іп which the 
rotatable plates are interleaved with the stator plates in varying 
degrees with a coarse adjustment control shaft and a fine adjust- 
ment cam and lever mechanism actuated by a second concentric 
shaft by which the rotor plates may be moved thru small angular 
increments for finely adjusting the capacity of the condenser. 


1.547,995—W. L. Carlson, filed February 14, 1922, issued July 


28, 1925. 
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NUMBER 1,547,995— Method of and Apparatus for Receiving 
Radio Signals 


METHOD OF AND APPARATUS FOR RECEIVING RADIO SIGNALS, 
which consists in rectifying the radio frequency signaling currents 
in a circuit in which no current can normally flow and producing 
variations of impedance in the circuit only when the signal fre- 
quecy is present and then translating the rectified current as 
modified by the impedance variations into intelligible signals. 
One of the tubes in the system has its plate filament circuit inter- 
posed in the coupling circuit with the preceding tube while a 
local source of audio freqeney oscillations is interposed in the 
grid filament circuit and a negative bias provided on the plate 
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electrode of the tube. The tone of the received telegraphic 
signals may be readily adjusted at the rceiver. 


1,548,015--А. B. Bergen. filed October 4, 1924, issued July 28. 
1925. Assigned to United States Tool Company, Incorpo- 
rated. 


CONDENSER PLATE SYSTEM, wherein the stator plates of a 
variable condenser are made up of a continuous strip of sheet 
metal folded back and forth from one end to the other. Narrow 
strip-like tongues of sheet metal integrally connect adjacent edges 
of the stator plates, providing positive spacing means for the 
plates and electrical connectors between which securing posts 
may be inserted. This method of manufacturing a variable con- 
denser facilitates the quantity production of condensers. 


1,548,032—G. O. Squier, filed August 8, 1919, issued August 11, 
1925. 
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TREE TELEPHONY AND TELEGRAPHY, where living vegetable 
organisms are employed as a radiating system for a radio trans- 
mitter. The output of a radio transmitting set is connected to 
a point in a tree or other vegetable organism which serves as an 
antenna. 


1,548,408—N. B. Davis, filed October 18, 1924, issued August 4. 
1925. 
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CRYSTAL DETECTOR, in which a body of mercury is provided 
with a crystal floating thereon and a vertically adjustable con- 
tact member arranged to contact with the top surface of the 
crystal. The detector is arranged for vertical mounting on 
the front of a panel of a radio receiver. 


1,548,757—J. Scott Taggart, filed November 30, 1920, issued 
August 4, 1925. Assigned to Commercial Cable Companv. 


Fig. 6. 


NUMBER 1,548,757— 
Electron Discharge 
Device 


ELECTRON DiIscHARGE Device, which includes а cathode 
and two anodes. A cathode is provided and the circuits ar- 
ranged so that electrons flow to both of the anodes. The cir- 
cuit is such that the potential of one of the anodes may be 
varied with respect to the cathode and the flow of electrons to 
the anode may be increasingly diverted to the other anodes as 
the potential of the first named anode is increased. The tube 
may be used as an amplifier and is termed in the specification 
“а negatron.” 


1,548,801—O. B. Jacobs, filed March 24, 1922, issued August 
4, 1925. 


VARIABLE CONDENSER construction comprising inter-leaved 
flexible condenser plates with interposed flexible dieletric inter- 
folded along parallel lines and longitudinally adjustable with 
respect to each other. The plates may be tubular in form and 
may slide with respect to each other or a flat or rectangular 
shape of plate may be used, the plates being telescopically related 
for varying the capacity of the condenser. 


1,548,811—J. H. Hammond, Jr., filed January 6, 1920, issued. 
August 4, 1925. 


SYSTEM OF CONTROL BY LIGHT WAVES, wherein a circuit ar- 
rangement is provided for preventing the continued conductivity 
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of a solenium cell circuit after the cessation of the light signal 
which normally results in a considerable lag in the circuit. The 
received light energy is concentrated upon a solenium cell and 
then the circuit to the cell momentarily opened as a result of the 
received signal for reducing the inertia of the operation of the 
. cell as a control element in the receiving system. 


1,549,183—€G. Н. Clark, filed February 23, 1921, issued August 
11, 1925. Assigned to Radio Corporation of America. 


RaDio SIGNALING APPARATUS, consisting of an arc generator 
which does not radiate between the signaling periods. An 
electromagnetic mechanism is provided on the arc so that the 
arc electrodes, which are normally short-circuited, are separated 
for the production of an arc during the signaling period by which 
oscillations are set up and impressed upon the antenna system. 
The arc is intermittently suppressed and re-ignited for the 
production of signals. 


1, 549, 253— У. G. Housekeeper, filed October 5, 1920, issued 
August 11, 1925. Assigned to Western Electric Company. 


ELECTRODE FOR ELECTRON DISCHARGE Devices, which con- 
sists of a boxlike grid structure which entirely surrounds the 
cathode adjacent the plate electrode. The grid structure is 
stamped from sheet metal with upwardly extending side members 
and lateral members integral with the side members. The lateral 
members are bent in opposite directions to form a rectangular 
boxlike structure around the cathode. 


1,549,310—Leroy E. Humphries, filed October 22, 1923, issued 
August 11, 1925. Assigned one-fourth to Asa W. Candler, 
Atlanta, Georgia. 

Клро FREQUENCY SIGNAL RECEIVING Бүвтем for reduction 
of strays and interference from undesired signals. А pair of 
electron tube systems is provided which connects to separate 
collecting circuits tuned to different radio frequencies. The out- 
put circuits of the electron tube systems are tuned to substan- 
tially the same frequency. A link circuit is provided for coupling 
the two electron tube systems upon which link circuit local oscil- 
lations are impressed and delivered to each of the electron tube 
systems. The frequency from the local oscillator, which is im- 
pressed upon one electron tube system, is equal to the frequency 
of the opposite radio frequency energy collecting circuit, and vice 
versa. The output circuits are differentially coupled and arranged 
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to deliver a resultant field to an independent radio receiving 
circuit. 


NUMBER 1,549,310— Radio Frequency Signal. Receiving 
System 


1,549,196—R. E. Hall, filed November 14, 1918, issued August 
11, 1925. Assigned to Hall Radio Corporation. 


«42 E 
NUMBER 1,549,196—Method of and Means for 
Translating Sounds 


METHOD оғ AND MEANS FOR TRANSLATING SOUNDS, com- 
prising jet relays arranged in the output circuit of a radio receiv- 
ing circuit and selectively responsive to a particular tone. The 
jets operate alternately to heat and cool a resistance unit which 
is connected to control a suitable recording circuit. The jets are 


665 


Digitized by Google 


arranged to be extremely sensitive to a particular tone quality 
of the desired signal. 


1,549,355—J. J. Chegan, filed February 12, 1924, issued August 
11, 1925. 


Хассум TuBE Contact, which consists of a coil spring se- 
cured to an inwardly extending strip-like member and to which 
the pins on the base of an electron tube may be inserted. Тһе 
coil springs insure good contact with the pins of the electron tube 
over а large area of the pin. 


1,549,737 —E. Е. W. Alexanderson, filed September 15, 1919, 
issued August 18, 1925. Assigned to General Electric Com- 
pany. 


NuMBER 1,549,737—Signaling System 


SIGNALING SysTEM for radio reception where a detector is 
provided which consists of a resistance device which may be 
included in the receiving circuit. The current thru this device 
substantially follows Ohm’s law and is, therefore, directly pro- 
portional to the impressed voltage. Тһе necessary asymmetry 
of the device for securing the required rectifying effect is secured 
by periodically varying the value of this resistance by means of 
a suitable modifying force which is controllable at the will of the 
operator at the receiving station. The value of the resistance is 
controlled or varied in such a way that it is made comparatively 
small during desired periods and is made exceedingly large during 
other periods. This permits the flow of an appreciable current 
in the receiving circuit during desired portions of the impressed 
signaling wave and causes the practical suppression of the cur- 
rent in receiving circuit during other portions of the signaling 
wave. 


1,549.882—L. L. Jones, filed June 7, 1924, issued August 18, 
1925. Assigned to Amsco Products, Incorporated. 
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CONDENSER of the variable type in which end supporting 
plates are provided for enclosing а set of stator plates. А pair 
of transversely arranged insulating beams are carried by each 
of the end plates in a plane normal to the plane of the end plates 
and which serve to support the stator plates. Тһе rotor plates 
are journaled in the end plates in such manner that the rotor 
plates may be interleaved between the stator plates. 


1,549,926—F. Schneider, filed November 16, 1921, issued August 
18, 1925. 

Кескіуімс DEVICE FOR ELECTRIC Waves, consisting of a 
crystal detector where the crystal member is secured between 
two plate electrodes which may be adjusted with respect to the 
crystal for securing a junction of maximum sensitivity. 


1,550,016—W. W. Dodge, Jr., filed October 19, 1922, issued 
August 18, 1925. 

ELECTRICAL CONDENSER, in which coarse and fine adjustment 
of variable condenser plates is secured by a mechanism under 
control of a single knob or actuator. The actuator is positively 
connected to a movable condenser plate or plates of small capacity 
with a lost motion connection between the small unit and the 
large unit so that the actuator may be turned in one direction to 
engage the large unit, and by continued movement in this direc- 
tion will then adjust both units in unison. Reverse movement 
of the actuator within the limits of the lost motion will then pro- 
duce a relatively negative adjustment of the small unit only. 


1,550,421—L. A. Bonish, filed April 27, 1922, issued August 18, 
1925. 

DETECTOR of the crystal variety in which a crystal is sup- 
ported on the end of a resilient spring arm which is arranged 
to yield vertically at its free end. А cat whisker engages the 
crystal and means are provided for adjusting the position of the 
crystal and the position of the cat whisker with respect thereto. 


1,550,571—H. J. Round, filed March 31, 1920, issued August 
18, 1925. Assigned to Radio Corporation of America. 


RECEIVING SYSTEM FOR RADIO TELEGRAPHY AND TELEPHONY, 
in which the effect of certain signals upon a receiver may be 
eliminated by hetrodyning the signals in each of two receiving 
systems which are spaced a fraction of the wave length of the 
signals apart. The same phase difference between the signal 
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and the heterodyne may be established and therefore the beat 
currents in the two antenna systems are made to balance one 
another with the result that the signals are ineffective. The 
heterodyne energy may be supplied from a separate antenna 
system set up with relation to the receiving antenna so that 
the desired phase relation is brought about for the reception of 
one of the signals to the exclusion of another. 


1, 550, 682—H. M. Dowsett, filed September 23, 1922, issued 
August 25, 1925. Assigned to Radio Corporation of America. 


Fig 2 


NUMBER 1,550,682— 
Are Generator of 
Electrice Oscillations 


ARC GENERATOR OF ELECTRIC OSCILLATIONS where two ares 
are operated in parallel with minimum inter-arc current cir- 
culating between the arcs for affording the maximum output 
current in the antenna system. The inter-arc circuit is provided 
with condensers of large capacity as compared with the output 
circuit. The output of each arc is fed into the antenna system 
with substantially no circulating current in the inter-arc circuit. 


1,550,768—H. W. Weinhart, filed July 14, 1919, issued August 

25, 1925. Assigned to Western Electric Company. 

ELECTRIC DISCHARGE Device, іп which the electrodes are 
supported on wire members which extend from the glass press 
within the tube. А cylindrical anode is provided with spacer 
members thereon which engage with the inner walls of the tube 
for preventing movement of the electrodes. The grid electrode 
has each turn thereof fastened to the supporting rod which 
extends from a glass press. 


1,550,877—E. L. Chaffee, filed March 10, 1916, renewed Septem- 
ber 11, 1923, issued August 25, 1925. Assigned to John 


Hays Hammond, Jr. 
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ELEcTRIC RELAY operated from a detector with a circuit 
arrangement for increasing the sensitiveness of the detector so 
that it is normally adjusted in such manner that no current 
flows in the relay circuit. Тһе signaling energy is employed for 
controlling the current in the output circuit of the tube, the 
curcuit being so proportioned that the persistence of the operation 
of the detector, after the impulse which initiated such operation 
has ceased, is reduced to a minimum. 


1,551,087—F. Christiani, filed May 17, 1924, issucd August 25, 
1925. 

Rapto REcEIVING SET, having a crystal detector therein 
mounted upon a panel on one side of which a variable inductance 
is variously mounted, and on the other side of which a cover 
portion is provided for entirely enclosing the set within a small 
volume. 


1,551,391—E. F. Hennelly, filed August 29, 1921, issued August 
25, 1925. Assigned to General Electric Company. 


ELEcTRON Device of high power construction where the plate 
electrode is positively spaced within the evacuated container by 
compressible holder elements which are secured to the surface 
of the cylindrical plate electrode and frictionally engage the inner 
walls of the tube for resisting displacement of the anode under 
conditions of use for handling. 
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INSTITUTE ACTIVITIES 


Institute News and Notes 


The first Fall meeting of the Section was held on the evening 
of October 8. In the next issue of the PRocEEDiNGS it is hoped 
we shall be able to announce the meetings schedule for the Winter 
months. Members visiting San Francisco should plan to be 
present at these meetings when convenient. Meetings are held 
on the second Thursday of each month at the Engineers’ Club. 


Los Angeles Section 


Preliminary work is now under way looking to the organiza- 
tion of a Section of THE INsTITUTE at Los Angeles, California. Col. 
J. F. Dillon, of the San Francisco Section, is representing head- 
quarters in the organization plans. 


Standards Committee 


At the October 14 meeting in New York of the Standards 
Committee, the following members of the committee were in 
attendance: Ralph H. Bown, chairman, R. H. Marriott, J. V. L. 
Hogan, Donald MeNicol, C. B. Joliffe, L. E. Whittemore, L. А. 
Hazeltine, E. Н. Armstrong and H. M. Turner. The published 
Report should be ready for distribution to members early in the 
coming year. 

Chicago Section 


The Chicago Section of THE INSTITUTE held a meeting in the 
rooms of the Western Society of Engineers, Chicago, on the 
evening of October 9. Hugh A. Brown, assistant Professor of 
Electrical Engineering, University of Illinois, presented а paper 
on ‘‘Voice-Controlled Transmission in Radio Telephony." 


Inaugural Meeting in Toronto 


The new Canadian Section of THE INSTITUTE, organized in 
Toronto, Ontario, held an inaugural banquet and get-together 
meeting on the evening of October 2. Тһе banquet was served 
in the dining-room of the Ward St. works of the Canadian Gen- 
eral Electric Company. Eighty radio engineers апа workers 
attended the meeting. Among those present were: Prof. T. R. 
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Rosebrugh, Prof. W. H. Price, H. C. Don Carlos, C. L. Richard- 
son, W. J. Hevey, Keith Russel, C. S. Mallett, Prof. A. R. Zim- 
mer, Prof. Pacent, J. J. Ashworth, F. А. Gaby, O. E. Forrest, 
А. S. Edgar, W. L. Amos, T. Rogers, H. Swift, W. B. Cartmel. 
The meeting was attended also by Donald McNicol, vice-presi- 
dent, New York, and by C. P. Edwards, Director of Radio 
Service, Department of Marine and Fisheries, Ottawa, Canada. 


Washington Section 


A meeting of the Washington Section of THE INSTITUTE was 
held in the Department of Commerce Building, Washington, on 
the evening of October 6. The annual election of officers took 
place, and a talk was delivered by Chairman A. Hoyt Taylor, 
on the subject: “High Frequency Phenomena." 


Washington Conference 


THE INsTITUTE'S representatives appointed to attend the 
Radio Conference held in Washington, November 9, under the 
auspices of Secretary Hoover, were: R. H. Marriott, J. V. L. 
Hogan and Donald MeNicol. 


Membership Elections 


Аба recent meeting of the Board of Direction the following 
transfers were approved: To Fellow, Arthur F. Van Dyck. To 
Member, Austin Bailey, Powel Crosley, Jr., R. D. Duncan, Jr., 
E. H. Felix, C. M. Jansky, Jr., E. T. Jones, J. Marsten, E. L. 
Nelson, Arthur Nilson, R. S. Ohl, J. M. Thorburn, H. M. Wilby. 

At the same meeting the following direct elections to grade 
of Member were approved: А. S. Blatterman, C. H. Burkhead, 
W. B. Cartmel, E. M. Deloraine, L. B. Henson, C. C. Jackson, 
H. L. Kirke, H. Levinson, L. H. Mansell, James Nelson, R. R. 
Pecorini, А. W. Peterson, R. J. M. Raven-Hart, F. Reichmann, 
E. R. Shute. 

Applications Committee 


The Applications Committee, of which Prof. J. H. Morecroft 


is chairman, holds regular monthly meetings, at which all appli- 
cations in hand at the time are acted upon. 


Annual Meeting in New York 


President Dellinger, at the September meeting of the Board 
of Direction, appointed a committee to study the proposal for an 
annual meeting of THE INsriTUTE. Mr. J. V. І. Hogan is chair- 
man. Report and decision in the matter shall be announced in 
an early issue of the PROCEEDINGS. 
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Membership Committee 


The Membership Committee, of which Mr. L. E. Whitte- 
more is chairman, held а meeting on October 21. Each member 
of THE INSTITUTE will shortly receive a circular on the subject, 
accompanied by an application form and postal саға form, which 
it is hoped will receive personal attention to the end that all com- 
petent radio workers may be given an opportunity to apply for 
membership in THE INSTITUTE. 


Institute Award 


At the October meeting of the Board of Direction the Lieb- 
mann Memorial Prize for the year 1925 was awarded to Mr. Frank 
Conrad in recognition of the value of research work in short wave 
signaling carried on by him. "This prize is awarded annually by 
Тне INsTITUTE, and amounts to five hundred dollars in cash. 
The money award is accompanied by an appropriate letter of 
transmittal. Other radio engineers who have received this prize 
in past years аге: R. A. Weagant, R. А. Heising, L. F. Fuller, 
C. S. Franklin, H. H. Beverage, and John R. Carson. 


Radio Historical Museum 


In the past year or two there has been occasional discussion 
on the subject of a historical museum into which might be gath- 
ered the various private collections of early relics of the art, large 
or small. The subject is one which should receive attention in 
the near future so that something may be done before the scat- 
tered, individual collections are dissipated. Members of the 
INSTITUTE who possess radio relics, or who know of the location 
of collections, are invited to forward information relative thereto 
to INSTITUTE headquarters. After an inventory has been made 
of available collections, a committee will be appointed by the 
President to take up the subject and see what can be provided 
in the way of suitable housing. 


Technical Papers in Pamphlet form 


Until such time as the PRocEEpDINGs of the Institute are pub- 
lished monthly, instead of bi-monthly, as at present, some papers 
will be printed in pamphlet form in addition to those which ap- 
pear in the PROCEEDINGS. One paper now available is ‘Recent 
Advances in Marine Radio Communication," by T. M. Stevens, 
of the Radio Corporation of America, New York. Copies of this 
paper may be obtained by writing to the Secretary of the INsTI- 
TUTE, 37 West 39th St., New York. 
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AN INVESTIGATION OF TRANSMISSION ON THE 
HIGHER RADIO FREQUENCIES* 


Bv 
А. Hort TAYLOR 


(SUPERINTENDENT OF Rapio, NAVAL RESEARCH LABORATORY, ANACOSTIA, 
District OF COLUMBIA) 


The object of this paper is to present graphically and in sys- 
tematic form information which is a summary of the range data 
for various frequencies so far as it can be estimated from the 
extensive experiments carried on by the Naval Research 
Laboratory at Anacostia, supplemented by considerable infor- 
mation from outside sources which has come in various ways to 
our knowledge. 

Two further objects of this paper are, first, to indicate the 
regions which require further exploration, and second, to show 
the places where certain transition phenomena of a more or less 
abrupt character occur as the frequencies are varied from 100 
kilocycles to 20,000 kilocycles. This should bring out the pecu- 
liarities of high frequency transmission and serve as a guide, in 
a general way, in formulating policies looking forward to the pos- 
sible wider adoption of high frequency communication. 

The attached range chart is based on the following considera- 
tions: 

(a) 5 kilowatts in the antenna. 

(b) Average antenna installation. 

(c) Communication between points on the same meridian. 

The chart is nevertheless generally applicable to east-and- 
west communication or any communication where there is con- 
siderable time difference between the points involved, provided 
due accounts are taken of this time difference. Nevertheless it 
must be admitted at the start that the problem is much more 
complicated for such a condition, especially where there is a very 
large number of hours of time difference between two points. 

There is, of course, considerable difference between the day- 
light ranges, summer and winter, but not anything like the dif- 
ferences which occur in the night range. Therefore the line on 

*Received by the Editor May 9, 1925. 
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the chart indicating daylight ranges must be considered as giving 
average ranges, summer and winter, but for the night range, the 
lower dotted line indicates the winter night range and the upper 
dotted line indicates summer night range. 

A cross entered on the line indicates the limit of actual ex- 
ploration and the extension of the line beyond the cross indicates 
the probable ranges. A ''U" entered on the line, indicates, if 
bounded on the right and left by two arrows, а region (generally 
& short region) within which communication is uncertain—or 
in case the “С” stands further out to the right hand side of the 
diagram, it indicates that for ranges longer than those correspond- 
ing to the position of the “Т,” communication begins to become 
uncertain. 

As an illustration, take the 4,000 kilocycle band. Тһе day- 
light communication is set at about 750 miles. Тһе summer 
night communication at about 7,000, but uncertain after 3,000. 
The winter night communication extends to 10,000 miles, but 
is subject to some uncertainty after 6,000. Another instance of 
the use of the “U” is shown in the 6,000 kilocycle band, in which 
there is ап uncertain region between 150 and 400 miles beyond 
which the range again becomes certain and extends to 10,000 
miles (probably), but is uncertain after 7,000. "That is, this fre- 
quency has two regions of uncertainty: one at close regions and 
the other at very distant regions. Тһе use of the question mark 
(**?") is for the purpose of indicating unexplored regions. The 
use of the “М” on the diagram means that the radiation ‘‘skips 
over" or ‘‘misses” entirely the region indicated; therefore the 
“М” is always bounded by arrows right and left. Ап instance 
of this is the 15,000 kilocycle band which skips over the region 
from 75 miles to 700. 

Starting with 100 kilocycles, the ranges of which are fairly 
well known from the performance of certain ship transmitters, 
we see that the daylight range is about 1,200 miles, the summer 
night range 2,000 but uncertain after 800 on account of heavy 
strays in the summer time, and the winter night range extends 
to 2,500, but becomes uncertain after 2,000 on account of the 
strays and fading. At 200 kilocycles, we find the daylight 
range shortened to 800 miles, the summer night range good on 
the whole for a greater distance than the 100 kilocycles. This 
is true because there are less strays at 200 kilocycles in the sum- 
mer time than there are at 100. Тіс winter night range, however, 
overlaps that for 100 kilocycles, going to 3,000 miles, altho un- 
certain after 1,800 on account of fading. At 500 kilocycles the 


678 


——— — — — ——ÁM —— — = 


daylight range is still further shortened and the summer night 
range is not certain for any greater distance than the daylight 
range, but the winter night range is certain for much greater 
distance and the extreme winter night limit (2,000 miles) is more 
than three times the normal daylight range. At 1,000 kilocycles 
we see the daylight range still further shortened, but the night 
range considerably exceeding it even in the winter, whereas in 
the winter the extreme ranges are very greatly in excess of the 
normal daylight range, with, however, about half of the winter 
night range in the region of uncertainty. It should be stated at 
this point that the table is based entirely on continuous wave tele- 
graphic communication. At 2,000 kilocycles the daylight range 
is cut to 125 miles and the summer night range is not a great deal 
better; but the winter night range is enormously greater than the 
daylight range; with, however, a great region of uncertainty in 
the winter night range, due to fading. The performance here is 
based оп the Fleet's report of certain transmitters built by 
this Laboratory, and tested on shipboard. It is also based on 
amateur data to a certain extent. 

Between 2,000 and 3,000 kilocycles, the phenomena show a 
rather abrupt change. At 3,000 kilocycles the daylight range is 
much greater than at 2,000, which is a reversal of ordinary be- 
havior at lower frequencies. The summer night range is enor- 
mously extended and the winter night range still more so. We see 
that the reliable night ranges for summer jump to 2,000 miles, 
and as a matter of fact this figure is probably considerably under- 
estimated. It is, however, desired to make the chart conserva- 
tive at least in its application to the higher frequencies. Тһе 
night ranges in the winter time, however, are certain up to 6,000 
miles. Comparing 3,000 kilocycles with 100 kilocycles, we find 
the 100 kilocycles excels in daylight range, but that the 3,000 kilo- 
cycles greatly excels in possible night ranges. At 4,000 kilo- 
cycles we see the daylight range extended to 750 miles, the sum- 
mer night range certain to 3,000, with a possible night range to 
7,000; while the winter night range is certain to 6,000 with pos- 
sible ranges to 10,000. А% 6,000 kilocycles the daylight range 
extends to 1,000 miles and the summer night range to 4,000 with 
possible ranges to 7,000, whereas the winter night range probably 
goes to 10,000, but has not been fully explored. We may con- 
sider it uncertain at least after 7,000. 

A new and interesting phenomenon makes its presence felt 
for the first time in the diagram regarding an uncertain period 
within short distances during the winter night transmissior: 
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namely, between 150 and 400 miles. In the next line on the 
diagram for 7,500 kilocycles, the daylight range has been further 
extended to 1,200 miles, thus nearly equalling the 100 kilocycle 
transmitter, but an uncertain region not far from the transmitter 
has been introduced between 100 and 350 miles during the sum- 
mer night range and a skip, or entirel y-missed, region, occurs in 
winter night ranges between 100 and 350 miles. This frequency 
has been explored to 4,000 miles, but it 1 believed that it will 
carry very much further. We may say that it is uncertain, how- 
ever, after 8,000 and probably will carry to 10,000 on the winter 
nights. At 10,000 kilocycles we see that the “jump” or “miss” 
occurs both summer and winter and also by daylight, but the day- 
light jump is only about 500 miles, whereas the summer night 
jump 18 very great indeed. Very little exploration has been 
made of this frequency for nocturnal transmission, but there is 
good reason to suspect that the summer night jump 16 in the 
neighborhood of 2,000 miles and the winter night jump possible 
4,000 miles. There is also good reason to believe that frequen- 
cies not far from 10,000 kilocycles can be successfully used for 
extreme night ranges. (In this connection, there should be noted 
Samoa’s successful reception and practically steady intensity of 
tests from Schenectady, New York, on tests of 35 meters during 
night hours.) 

Fifteen thousand kilocycles: Here the daylight jump is 
increased to between 600 and 700 miles and an uncertain region 
follows this to 1,000 miles, but beyond this, as far as the explora- 
tion has gone (4,000 miles), results are excellent. It is impossible 
to say what the daylight range will come to beyond 4,000 miles. 
It is known, however, that the missing region or the jump in this 
frequency is very great at night, both summer and winter. 
Very little exploration has been made here, but there are some 
data indicating that this frequency can be successfully used 
at 10,000 miles even at night. This statement is based on 
the establishment of two-way communication with Australian 
2-CM (Sydney). He used 21 meters and this station used 20.8 
meters, between 1 А. M. and 2.30 À. M. Eastern Standard Time. 
It was broad daylight in Sydney when the test commenced. It 
should be noted at this point that this Laboratory has so far not 
used more than 750 watts in the antenna in the twenty-meter 
band. Australian 2-CM was using still lower power. It is evi- 
dent, then, that figures estimated for 5 kw. in the antenna, but 
actually based on experiments with less than 1 kw., ought to be 
fairly conservative. 
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At 20,000 kilocycles the exploration is very scanty indeed, 
but there is information at hand giving the distance of the day- 
light jump as in the neighborhood of 1,500 miles with an uncer- 
tain region extending to 2,500 miles and which probably is fol- 
lowed by a certain region for а considerable distance beyond. 
Absolutely nothing, however, is known of night ranges on these 
frequencies. Тһе ranges of the direct, or earth-bound compo- 
nents are well enough known; they are about 60 to 70 miles for 
15,000 kilocycles and in the neighborhood of 40 to 50 miles for 
20,000 kilocycles. 

It is not the purpose of this particular paper to go into de- 
tails of the vast amount of information upon which the range 
chart is based, nor to divulge at this particular time the theory 
which is gradually forming in the minds of the engineers of this 
Laboratory, which we believe will account for these curious 
effects. Тһе purpose is rather to serve as а practical guide to 
indicate what ranges may be covered at different frequencies 
and what ranges remain to be explored, and what we hope 
to get in the un-explored regions. 

It may be stated at the present time, however, that some of 
the most valuable information confirming earlier data on the 
matter of the "skip" or “miss” region was obtained from the 
daily reports made by Major J. O. Mauborgne, United States 
Army, who took observations from an Army Transport, on 16, 
32, 20.8, and 41.7 meters, all the way from New York to Panama. 
It is believed that the information concerning the uncertain 
regions and "skip" regions is fairly definitely known for daylight 
work. If any special criticism could be made of the range chart 
it would be that it underestimates the summer night ranges on 
3,000 kilocycles. 

When one considers the chart as a whole, the high frequencies 
show clearly their enormous superiority from a point of view of 
economy on power consumption and general cost, and further 
it is possible to obtain ranges with high frequencies which we 
cannot hope to equal with almost any practical amount of power 
on lower frequencies. 

To apply the chart to east-and-west communication, we must, 
for the present, consider that during the hours when daylight 
obtains over the entire stretch, we apply the daylight range 
data. For the hours which night obtains over the entire stretch, 
we apply the night data. In the intermediate hours when part 
Is sunlight and part dark, much further exploration will have to 
be made, but we do know that a sort of compromise condition 
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does exist and it does appear further that a 5 kw. transmitter, 
equipped with about four frequencies, would be in a position to 
obtain highly creditable ranges at any time of either day or 
night, and whether for north-and-south communication, or for 
east-and-west. We must, however, at present, until further 
information comes in from stations like Samoa, Guam, and 
Cavite, be' forced to believe that the east-and-west problem is 
more difficult of practical solution. 

It must be understood in referring to the range chart that 
estimates on range and references to the “missing” of “skipped” 
areas on the higher frequencies refer in the case of the daylight 
ranges to conditions existing in the middle of the day, and for the 
night ranges, to conditions existing in the middle of the night. 
For west-and-east work this must be interpreted as meaning con- 
ditions when the sun is half-way between the two meridians 
under consideration. It is well known, of course, that there is 
a more or less gradual transition from daylight to dark condi- 
tions; in fact it is not nearly as abrupt as one would anticipate 
it to be, especially in the summer time. 

Since the first part of this paper was written, Samoa has report- 
ed successful reception of the 20.8 meter wave from the Naval Re- 
search Laboratory as early as 8 P. M. zone-plus-five time, which 
means that 6,000 out of the 7,000 miles between Washington and 
Samoa were traversed in daylight. Also it is well known that 20- 
meter signals from amateurs on the West Coast are now received 
as late as midnight or 1 А.М. zone-plus-five time, which could not 
have been done during winter nights. This is interesting as show- 
ing a gradual change in the skipped region for 20 meters. Тһе 
skipped region is less in the daytime, gradually increases to some- 
what less than 2,000 miles in the summer nights and very likely 
is considerably in excess of this in the winter nights, altho it is 
not known with certainty whether it ever comes down to earth 
again in the winter nights. One must therefore, conceive of the 
skipped distance on the higher frequencies undergoing а length- 
ening process as the night wears on, followed by & shortening 
process as daylight approaches. Most of the information on the 
higher frequencies must, of course, be considered as incomplete 
subject to future revision. Nevertheless certain fundamental 
things in the behavior of these frequencies seem to be quite 
definitely established. 

Balboa also reports satisfactory reception of the 20.8- 
meter wave thruout the 24 hours at this time of the year, but 
it is not anticipated that this will be possible in the winter 
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time. Very likely the signals as received at Balboa will fade out 
during 6 or 7 hours during the winter nights. At the present 
time the 20.8-meter wave, with less than 1 kw. in the antenna, is 
more satisfaetory for handling traffie with. Balboa than Ап- 
napolis on 17,000 meters. 


April 21, 1925. 


SUMMARY: A preliminary range chart has been constructed for telegraphic 
communication, 5 kw. in the antenna, at various frequencies. Тһе con- 
clusions upon which the range chart is based are derived from experiments 
made by the Naval Research Laboratory, from experiments made by amateurs, 
and upon such data as the Laboratory has had access to from commercial and 
Government sources at home and abroad. 

An attempt has been made to indicate in a general way the advantages 
and disadvantages of high frequency telegraphic transmission. Various critical 
regions are pointed out where new phenomena make their appearance: in par- 
ticular these regionsare(1)the region between 2,000 and 3,000 kilocycles where 
daylight ranges begin to increase with increasing frequency at the same time 
that the night ranges show extremely great increase and a degree of reliability 
which would be wholly unanticipated from obervations made at frequencies 
lower than 2,000 kilocycles. (2) А region around 6,000 kilocycles where an 
uncertainty develops during the winter nights at relatively very short ranges. 
(3) The development at successively higher frequencies of this uncertain range 
into the missing region which is most pronounced in the winter nights, and 
finally as the frequency is increased makes itself felt in the summer nights 
and at still higher frequencies even in the daytime. 

The development of this missing region to extensive areas is shown to 
take place with frequency rise to 20,000 kilocycles. The chart also attempts 
to indicate, in a general way, the region of uncertain communication and the 
regions where further exploration is urgently needed. It is quite evident that 
the range data are far from complete and that many individual cases will be 
found in contradiction to the chart, but it does represent a sort of general 
average of the situation as it presents itself to the Engineers in the Naval 
service. 

It is hoped that the publication of this data will promote useful discussion 
and collaboration in this new and interesting field. Тһе data would no doubt 
have to be modified materially to make it apply to any highly directive system 
of transmission. 
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A NEW DIRECTIONAL RECEIVING SYSTEM* 


By 
H. T. Ғвпв 


(BELL TELEPHONE LABORATORIES, INCORPORATED, NEW YORK) 


INTRODUCTION 


Reduction of static interference, or to state it more correctly, 
reduction of the ratio of static to signal, has been, almost since 
the beginning of the radio art, the most important problem in 
radio engineering. It is now well known that static disturbances 
have definite points of origin and that the impulses which are 
detected at a receiving station have definite directions of propa- 
gation. А receiving system having no directional selectivity is, 
therefore, affected by static impulses from all directions and, in 
spite of many inventions, it has not yet been possible to im- 
prove its signal-static ratio except by limiting the frequency 
band transmitted. A system which, however, is so designed as 
freely to receive waves arriving from a limited range of direc- 
tions is susceptible only to static disturbances propagated within 
that range, and large improvements in signal static ratio have 
been claimed for different types of directive antenna systems 
during the past few years.! 

А directional receiving system for radio telephony іп which 
directional selectivity is obtained by combining the output vol- 
tages from two antennas is described in this paper. The main 
feature of the system is the arrangement for controlling the out- 
put voltages of the antennas, so that they may be combined to 
neutralize each other or to reinforce each other as desired. А 
double detection (super-heterodyne) receiver is employed and 
the output voltages, which are combined so as to produce the 
directional characteristic, are the intermediate frequency currents 
due to the waves received by the antennas and the beating oscil- 
lator currents. The control of these output voltages is effected 
by operating upon the beating oscillator currents. 


* Received by the Editor, May 2, 1925. Presented before THE INSTITUTE 
оғ ҢАШО Ехсіхкенз, New York, Мау 6, 1925. 

! See “Тһе Wave Antenna,” by Beverage, Rice and Kellogg, “Journal 
of the American Institute of Electrical Engineers. This paper contains an 
excellent list of all publications on directional svstems up to date. 
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| 
REQUIREMENTS OF DIRECTIVE ANTENNA SYSTEMS 


The impulsive nature of most static makes it impossible to 
discriminate against it by frequency selective means, the effect 
of the impulses being to set up in the selective circuits free oscil- 
lations having a frequency and damping determined by the 
natural periods and the time constants of the circuits. It fol- 
lows, then, that static effects in a plurality of antennas can be 
made to neutralize each other onlv if the natural periods and time 
constants of the antenna circuits are alike. It may be emphasized 
that this paper deals with reception of speech signals which re- 
quire a much wider frequency band of the receiving set than 
telegraph signals. Іп a receiving set for telegraph reception, 
which responds only to a very narrow frequency band. perhaps 
a few hundred cvcles, it is not so important that the antenna cir- 
cuits be exactly alike. 

In a multi-antenna system, it is necessary to control the 
phase and intensity of the currents delivered from each inde- 
pendent antenna circuit, in order that their mutual reinforce- 
ment or neutralization may be properly accomplished. Hitherto 
this has been done by incorporating phase and amplitude con- 
trol apparatus directly in the antenna circuits, and the addition 
of such apparatus has made it extremelv difficult to achieve the 
requisite equality of the antenna circuits. For this reason. the 
use of directional receiving systems has been very limited and 
has been almost entirely restricted to the long wave signaling 
systems. Alexanderson? in his paper on the Barrage receiver 
recommends always making the antenna circuits aperiodic. but 
such high resistance circuits are verv inefficient, and they will 
Increase the “set noise"? very much. 

Bv placing the means for controlling the output voltages in the 
heating current circuit which is substantially independent of the 
antenna circuits, these may be reduced to a simpler form and may 
readily be made accurately alike and more efficient, thereby 
making it possible to receive waves of any radio frequency with 
good directional selectivity. 

It should be observed that directional discrimination against 
continuous waves of frequencies. different from the frequency 
band to which the antenna circuits are tuned, is not necessary 
as the frequency selection effected by these circuits and the inter- 
—— ? PROCEEDINGS OF THE IxsriTUTE OF Rapio ENGINEERS, volume 4, page 
303, August, 1919. 

3 The "set noise” is defined as the field strength of the weakest signal that 


ean be received by the set when there is no statie, and is determined by the 
amplifier noises, 
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mediate frequency circuits is sufficient to suppress all interference 
from such waves. Further, since the effect of static disturbances 
is to produce free oscillations in the antenna circuits at the fre- 
quencies to which the circuits are tuned, it is evident that the 
directional discrimination against continuous waves will be 
effective also against static impulses. This has been checked by 
experiments. 

The receiving system of Figure 1 comprises two similar an- 
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Figure 1—Schematic Circuit Diagram of ‘“Two-Loop System” 


tenna circuits, 1 and 2, the antennas (each of which is a loop) 
being so disposed as to produce in the two circuits emf’s which 
are, in general, different in phase. The mid-points of the loops 
are connected to the “ground” of the set in order to reduce open 
antenna effects. The loops are arranged to have their planes 
substantially coincident and perpendicular both to the ground 
and to the plane of the desired wave. Their centers are spaced 
apart a distance a, and it will be shown later that this distance 
should preferably be one-twelfth of the wave-length it is desired 
to receive. An intermediate frequency detector tube is used for 
each antenna, the plate of these tubes being connected in parallel 
to the intermediate frequency filter. The secondary winding of a 
variable coupling transformer is inserted in series with the lead 
connecting the end of loop number 1 to the grid of its detector 
tube. This transformer supplies the beating oscillator current to 
the antenna circuit 1. The beating oscillator current is supplied 
to antenna circuit 2 thru a phase-shifting transformer which com- 
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prises two fixed coils having their planes mutually perpendicular 
and a third coil which can rotate inside the fixed coils. One of 
the fixed coils, the primary windings of the beating current input 
transformer to antenna circuit 1 and of a coupling transformer, and 
a tuning condenser make up a primary circuit tuned to the beat- 
ing current frequency. Тһе other fixed coil is part of а secondary 
tuned circuit which is loosely coupled to the primary circuit. At 
resonance, the currents in the primary and the secondary circuit 
are 90? out of phase and any desired phase angle of the beating 
current input to antenna circuit 2 can therefore be obtained by 
rotating the phase coil. The rest of the set, namely, the inter- 
mediate frequency filter mentioned above, the intermediate fre- 
quency amplifier, the low frequency detector and low frequency 
amplifier are well-known apparatus of the type usually em- 
ployed in double detection sets and no detailed description is 
necessary. 


THE OPERATION OF THE SYSTEM 


It will be assumed that the system is intended to receive waves 
of frequency f propagated horizontally and in the direction from 
right to left in the diagram, Figure 1. The adjustments that 
should be given to the system and the preparations that should 
be adopted for the antenna spacing will be determined by con- 
sidering the reception of horizontally propagated waves of the 
frequency f arriving in a direction at any angle £ to the desired 
direction of reception (see Figure 2). As & measure of the direc- 
tional effect will be taken the intensity of the resultant inter- 
mediate frequency current thru the intermediate frequency 
filter. Тһе manner in which this varies with the direction of 
propagation, assuming a constant field intensity,defines the direc- 
tive selectivity. 

Two factors enter into the variation of the emf's produced 
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Figure 2—Top View of ‘‘Two-Loop System" 
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in the antenna circuits 1 and 2 by the waves. These are, first, 
the amplitude variation due to the directive properties of the 
individual loops, and second, the phase difference between the 
two emí's which depends upon the effective separation of the 
loops in the direction of propagation. Тһе instantaneous values 
of the two emf's impressed upon the intermediate frequency de- 
tectors from the antennas may, therefore, be expressed by the 
equations: | 


= А, соз В cos 2 z fl 
ЖС e d d (1) 


where 4, and A; are the amplitudes corresponding to zero value 
of the angle В, that is, for the favored direction of propagation, 
and 4 is the wave length corresponding to the frequency f. It 
is preferable to use two loops exactly alike,in which case the values 
A; and А» are the same. The subscripts 1 and 2 here, and in what 
follows, refer to the circuits 1 and 2, respectively. 

From the beating oscillator there will also be impressed upon 
the detectors, emf’s of a frequency fo and of relative phases and 
amplitudes determined by the adjustments of the input trans- 
formers. Тһе values of these emf's may be expressed by the 
equations: 


е = Bicos2z ft (2) 
ез! = B: сох (2z fott g) 


in which ¢ is the phase difference determined by the adjustment 
of the phase shifting input transformer, and B, and B» are the 
amplitudes of the emf's. 

The important components of the currents in the output filter 
following the intermediate frequency detectors are those of the 
difference frequency f—f.. These components are given by the 
equations: 


п= К, А, В, cos P cos 2 z( f — f.) 


= К» А» В» сов нем [ost Жатты Hs cm a | (3) 
the first of which represents the output current as a result of the 
intermodulation of the emf’s е and е and the second of which 
represents the output currents due to the emf's e» and е’. The 
factors A, and Ae involve the detecting efficiencies of the detec- 
tors and the total impedance of their output circuits. They will, 
in general, not be exactly alike but their ratio will be prac- 
tically constant and they will not affect the relative phases of 
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the emf's, due to the fact that the two detectors have the same 
output circuit. Тһе resultant effect in the signal reproducer is 
proportional to the sum of the two currents of equation (3). 
Since it is required that the two currents neutralize each other 
for certain directions of propagation, it is obviously necessary 
that their amplitudes must be made equal, that is 


К,А, В, = К, As B; I (4) 

This may Бе done by varying the ratio of the beating current in- 

puts В, and В, by means of the variable input transformer to 

antenna circuit 1. Тһе amplitude of the resultant current is now 
given by the equation: 

Iy=21 cos Bos] (4 - 7*8 (5) 


А 


It is evident that the resultant current will be zero under two 
conditions, first, when £ equals, that is, when the wave is 


propagated at right angles to the common plane of the two loops 
and second, when 


27 2c 8 +7 (6) 


T 


One of the most useful adjustments, altho not necessarily the 
best under all circumstances, is that under which the signals from 
waves propagated in the opposite direction from the favored are 
neutralized. The angle /8 corresponding to this case is equal to 7 
and the requisite phase displacement of the two beating current 


za‘ . 5 tls 
inputs is ¢=z— T 7 . The directive characteristic of a system 
having this adjustment is given by the equation 
Ij— 21 cos Bein |^? I (7) 


which 18 derived directly from equation (5). The signal produc- 
ing current corresponding to waves received in the favored 
direction is denoted by 10, which is the value of 75 for the special 
case of 9-0 or 


1-21 sin = É (8) 


Equation (8) indicates that the distance between the loops 


* Note that ¢ is a function of wave length 2, which means that a complete 
balance ean be obtained only for one frequeney in the signal. The maximum 
relative changes of the frequencies in a speech signal will, however, always 
be so small that the amount of unbalance will be negligible, 
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should not exceed a quarter of the wave length (72 j қ „| Ког 


small separations, the signal current J, increases proportionally 
to the separation of the loops and reaches half the maximum 
possible value (or the same value as one loop alone would give) 
when the separation is one-twelfth of the wave length. For 
separations greater than this, the gain increases more slowly than 
the separation. 

The ratio of amplitude of the current produced by a wave 
propagated in the direction 8 to that of the current produced by 
a wave of equal intensity propagated in the favored direction, is 
expressed by the equation 


sin гк (1+ cos 6) 
p ` 


. 27a 
Sn-. 
2 
As the separation of the loops is reduced, the ratio R approaches 


the limiting value 


(9) 


R = сох 


Tu о Р (1+ сов 8) (10) 
В” has maximum values for В equal to 0°, 120°, and 240° and has 
zero values at angles of 90°, 180°, and 270°. The ratio is naturally 
equal to unity when М is zero. Тһе maximum ratios recurring 
at 120? and 240° are equal to 0.125. For one-quarter wave- 
length the ratio FR is 0.1923 for angles of 120° and 240°. 

The general form of the directive characteristic is shown In 
Figure 3, in which polar co-ordinates are used. Тһе dotted figure 
represents the characteristic corresponding to an antenna separa- 
tion of one-quarter wave length, and the full line that for the 
limiting condition which is closely approximated for all antenna 
spacings of less than one-twelfth wave lengths. It is evi- 
dent that a distinct advantage іп respect to the relative 
amounts of signal and interference received 18 to be gained by 
reducing the antenna separation to one-twelfth of a wave length, 
altho this is accompanied by a reduction of signal strength. To 
decrease the spacing still further will economize on the land 
required for the system, but will require, first, more amplifica- 
tion with a corresponding inerease in “set noise" and, second, 
a higher degree of stability of the system. 

It has already been pointed out that neutralization of the 
interference шау be secured in other directions than that con- 
sidered in the foregoing analysis, and it may happen in practice 
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Бісгне 2 -Directive Characteristic of “Two Loop System" 


Бісенк 4. Directive Characteristies of 
“Тм о- оор Svstem., o0] 12 


КТЕ 
te 


that the most troublesome interference may be that arriving from 
some other general direction. Тһе simplicity of the phase con- 
trol arrangements and the fact that the control can be exerted 
without disturbing the equality of the antenna circuit constants, 
make it а very simple matter to secure the most efficient suppres- 
sion of interference under any cireumstances. All that it is neces- 
sary to do is to adjust the secondary coils of the two beating cur- 
rent input transformers until the signal is heard with the least 
amount of interference. 

The effect of changing the phase angle ¢ is shown in Figure 4, 
in which directive characteristics are calculated for ¢ equal to 
145°, 150°, 154°, and 161°, all corresponding to a loop separa- 
tion of one-twelfth of the wave length. The curves show that 
the setting of the phase angle is not very critical where it is 
desired to reduce fairly evenly distributed static interferenice. 


EXPERIMENTAL VERIFICATION 


SHORT WAVE Two-LooP SYSTEM 

The system described in the foregoing was tried out at Cliff- 
wood, New Jersey, with signals in the broadcast frequency range 
because the short wave length of these signals make it possible 
to mount the two loops on a construction similar to a turn-table 
which is capable of rotation in a horizontal plane. The photo- 
graphs in Figures 5 and 6 show the general construction, and the 
receiving set itself is shown in the illustrations, Figures 7 and 8. 
The receiving set is installed in the 6 х6-ѓооё house, shown be- 
tween the two bridges in Figure 5. Тһе whole construction 
rotates around a bolt in the center of the house, the house being 
mounted on four 8-inch truck casters and the outside ends of 
the bridges carrying the loops being supported by ordinary 
wheelbarrow wheels. Тһе distance between the loops is 34.4 
meters, giving an upper limit of the wave lengths of signals to 
be received of approximately 600 meters. Тһе loop diameter 
is 1.76 meters and each of the loops are wound with 6 turns of 
bare number 16 copper wire. One loop can be turned a few 
degrees as it is quite important that the loops point in the same 
direction. | 

The circuit is the same as that shown on Figure 1, except 
that the tuning condensers for the loops are mounted in the 
receiving set in order to improve the facility of tuning adjust- 
ments. Тһе ends and mid-point of each loop are connected 
respectively to the tuning condensers and ground of the set by 
3 wires suspended in a horizontal plane and 30 cm. apart. 
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Гаске 5—Short Wave Two-Loop System. Shows the Two Loops and the 
House Containing the Receiving Set 


FicunREÉ 6—Short Wave Two-Loop System. Опе of the Loops 


Figure 9 shows an experimental directional characteristic of 
this system. The incoming signal, in this case from station 
WEAF (2--492 meters), was first balanced out with the loops 
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pointing towards WEAF (8=180°), and then the whole system 
was turned. The radius Ё in the diagram is proportional to the 
input voltage on the low frequency detector and there is seen 
to be a good agreement between the experimental curve and the 
theoretical curve shown in Figure 3. 


| — -- Н, | ur 
Figure 7 — Short Wave Two-Loop System. Front View of 
Receiving Set 


It may be pointed out that the tuning of the system to a sig- 
nal is quite simple. First, one of the loops is short-circuited and 
the other loop tuned and the beating oscillator frequency ad- 
justed as for an ordinary double detection receiver. Then the 
beating oscillator circuits are tuned up and finally the previously 
short-circuited loop is tuned. The set is now ready for the two ad- 
justments of beating oscillator inputs giving a minimum of in- 
terference. It is quite convenient, especially at long wave 
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Figure 8—Short Wave Two-Loop System. Rear View of 
Receiving Sct 


Figure 9— Experimental Directive Characteristic of “Two- 
Loop Svstem" 
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lengths, to tune the set on а local oscillator, the frequency of 
which is adjusted to zero beat with the desired signal. 

The short wave system described above was tested during 
the summer months, 1924, at Cliffwood, New Jersey, and found 
to verify all conclusions derived from the shape of its directional 
characteristic. Тһе reduction in spark interference when receiv- 
ing signals from broadcast stations in Philadelphia was espe- 
clally noticeable. The spark interference at Cliffwood, New 
Jersey, is mainly due to stations along the shore and on ships 
around New York Harbor and the New Jersey coast, so that the 
interfering waves are coming from ''behind" when the system is 
adjusted for receiving Philadelphia stations. On many occasions 
it was possible to reduce the summer static interference so much 
that talk from broadcasting stations which was absolutely un- 
intelligible when received on one loop alone, was made clearly 
intelligible by the two-loop system. It may here be pointed out 
that static interference at broadcast frequencies, in the summer, 
is mainly due to local thunderstorms and it is therefore generally 
directive, but the direction is quite arbitrary. А gain in regard 
to reduction of static interference can, therefore, not always be 
expected since the static may come from the same direction as 
the signal wave. At long waves the direction from which static 
waves arrive is generally southwest, so that a considerable reduc- 
tion in static may be expected when receiving signals from Europe. 


Loc Wave Two-LooP SYSTEM 


А receiving system suitable for reception of single sideband 
speech signals of 5,000-6,000 meters wave lengths was constructed 
and tested out during the fall of 1924 at Cliffwood, New Jersey. 
The locations of the receiving set and the two loops were per- 
manent, as it is obviously not practicable to rotate а system 400 
meters long like а turn-table. However, this limitation is not 
so important because long wave receivers are generally used for 
reception of signals from one direction only. Тһе main object 
was to receive signals from Europe and the two loops were there- 
fore located in a vertical plane at an angle of 60° east of north 
and 400 meters apart. It was found later on, however, that it 
is equally important, when the loops are located, to consider the 
direction from which the interfering waves arrive. ПІ, for in- 
stance, the angle between the average direction of the interfering 
waves and the signal waves is only 90?, then quite an improve- 
ment can be obtained by making the angle 8 between the signal 
wave direction and the plane of the two loops 30? instead of 02 
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(see diagram in Figure 10). During the winter months it was 
found that static interference was coming from the southwest 
during the night and from south-southeast during the day, in 
which case it is preferable to have two sets of loops and switch 
from one set to the other according to the direction of the static. 
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Кіссве 10—Effect of Changing Location of Loops. Location in 
Lower Figure Improves Signal-noise Ratio in Case of Distribution 
of Interference as Shown 


The circuit diagram is the same as that shown on Figure 1, 
with the exception of the antenna circuits which are shown in 
Figure 11. Double tuned antenna circuits are used here at long 
waves, due to the fact that a low resistance single loop circuit is 
too selective for speech signal reception. The loop circuit and the 
secondary circuit are coupled together electromagnetically by 
means of a variable coupling coil. Electrostatic coupling was 
tried also, but it was found much more difficult to obtain a good 
balance of impulse interference with this kind of coupling. The 
reason for this is as follows: Let it be assumed that both the 
electrostatically and the eleetromagnetically coupled circuits аге 
tuned, using weak coupling, to a certain frequeney and that then 


698 


the couplings are increased in order to get the well-known re- 
sonance curves with two peaks. Now, in the case of electrostatic 
coupling the amplitudes of these two peaks will only be alike 
if the time constants are the same for the primary and the 
secondary circuit, or if the inductances and capacities have the 
same values in both circuits, while in the case of electromagnetic 
coupling the two peaks will always have the same amplitudes. 
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Figure 11—Antenna Circuits of ‘“Long-Wave Two-Loop System” 


condary oircuits 


The loops are installed in 10x 10-foot wood houses in order 
to make the system independent of the weather conditions. Each 
loop is 8 feet square and has 40 turns of bare number 14 copper 
wire spaced 24 inch. "The loops can be rotated because it is quite 
important to measure the “loop minimum” and also to have the 
two loops pointing in the same direction. Тһе loop tuning con- 
denser is mounted in the loop, but the loop circuit tune can be 
varied a little in the building where the set is installed by means 
of two variable inductances inserted in series with the two wires 
that connect the loop with the coil coupled to the secondary 
circuit. Тһе arrangement of the antenna circuits shown in 
Figure 11 makes it possible to use an ordinary weatherproof 
pair of twisted wires lying on the ground for the 200-meter con- 
nection between the loop and the set without introducing appre- 
ciable losses in the antenna circuits. This is due to the low im- 
pedance of the variable inductors and the coupling coil termi- 
nating the line. 

The illustration, Figure 12, shows one of the loop houses. 
The total weight of house and loop is less than 2,000 lbs., so that 
а team of horses can readily move the loop to any desired 
location. Such flexibility is very desirable in а "long wave 
two-loop system" which is still in its experimental stage. 

* By the "loop minimum" is understood the ratio of maximum to minimum 


tg induced in the loop as this is rotated. This ratio ought to be at least 
5 times. 
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By placing the two loops close together it can be determined 
whether the constants of the two antenna circuits are sufficiently 
alike. For a small distance “а” between the loops, it should be 
possible to balance out signals from all directions because the 
emf's in the loops are then always in phase. Тһе “balance,” that 
is, the decrease in interference when receiving with the com- 
bined loops, as compared to the interference when receiving on 
one loop alone, depends only upon the constants of the two 
antenna circuits, and it ought to be at least 40 times. Тһе full 
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Fiavre 12—“Long Wave Two-Loop System." One of the Loop Houses 


length of twisted wire is naturally used when experimenting with 
the loops close together, and while the loops must point in the 
same direction, this direction is chosen so that the coefficient of 
coupling between the loop circuits is at а minimum. After the 
antenna circuits are thus thoroly tested, the loops can be moved 
to their right location. 

In order to compare this system with other directional sys- 
tems it is necessary to measure its signal-to-noise ratio and com- 
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pare it with the signal-noise ratio of some standard antenna sys- 
tem. So far the loop antenna has been our “standard” for 
comparison. Such measurements require that both the selectivity 
and the “веі-поіве” be the same for the standard system and the 
system the improvement of which is to be determined. In the 
ease of the two-loop system it is easy to satisfy these require- 
ments because the standard system may be obtained by merely 
ghort-circuiting one of the loops. The signal amplitudes received 
by a single loop and by the two balanced loops are equal when 
the distance between the loops is one-twelfth of a wave length, in 
which case the improvement in signal-noise ratio is equal to the 
increase in the noise when one loop is short-circuited. It is thus 
seen that it is not necessary actually to receive signals in order to 
determine the improvement of the system. If the distance be- 
tween the loops is not one-twelfth of a wave length, then a cor- 
rection factor must be added. The best method of measuring 
the increase in noise when one of the loops is short-circuited is to 
decrease the beating oscillator input, at the moment the loop is 
short-circuited, to such a value that the noise level remains the 
same. The decrease in beating oscillator input measures the 
improvement of the system. 

If the character of the interfering noise has not changed when 
one of the loops is short-circuited, it is not difficult for experienced 
‘Operators to adjust the beating oscillator input for equality of 
noise level and check results. But often static interference is so 
variable that several measurements have to be taken. The meas- 
urements described above are generally checked by measurements 
which employ a local warbler signal? introduced in one of the 
loops, and adjusted until it can just be heard thru the noise. 
The improvement is then determined by the ratio of the warbler 
signal inputs corresponding to reception with one loop short- 
circuited and with two balanced loops, respectively. 

It is desirable to measure the improvement in the signal-to- 
noise ratio of this long wave two-loop system. Such measure- 
ments would include continuous data on signal-to-noise ratios, 
strength of static, and direction of static. So far the system has 
been available only in the winter time, so that it has been impos- 
sible to make systematic measurements. However, valuable in- 
formation has already been obtained and the results are, that, 
whenever the improvement was only 2 to 3 times, it was found 

Warbler signal oscillators and their use is described in а paper on “Radio 


Transmission Measurements," by Bown, Englund, and Friis, PRocEEDINGS 
оғ THE INSTITUTE OF Клімо ENGINEERS, volume 11, number 2. 
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that the general direction of statie was south-southeast, that is, 
the statie direction was at right angles to the plane of the two 
loops while static from south, southwest, and west was always 
reduced 4-6 times, often 8-10 times, and sometimes even 20 
times. On one day only could no improvement be noticed, but 
static was that day coming from the northeast. It may be 
emphasized that a 7-times reduction in static corresponds to а 71 
or approximately 50 times saving in power at the transmitting 
station. 


CONDENSER AÁNTENNA— LooP SYSTEM 


The receiving set of the “long wave two-loop system" de- 
scribed above can obviously be used to combine the output vol- 
tages of other types of antenna. А system consisting of a con- 
denser antenna and a loop will thus give the well-known cardioid 
directional characteristic shown in Figure 13, and as it is unidi- 
rectional, such a combination is especially suited for the deter- 
mination of the direction of static interference. Тһе long wave 
set was therefore equipped with switches so that the two loop 
circuits ordinarily used could be interchanged with a loop and 
condenser antenna both located close by the set. Тһе illustra- 
tion, Figure 14, shows the condenser antenna which is made 
up of two 5X5-meter frames covered with copper netting and 
spaced 15 ст. apart, and the loop used сап be seen towards 
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Ғіссве 13— Directive Characteristic of “Condenser Antenna-Loop 
System” 
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Еіасве 14—Condenser Antenna 


left in the illustration, Figure 15, of the long wave receiving set. 
This system was used to determine the general directions of the 
static mentioned earlier in this paper and has naturally been of 
great help in the interpretation of the different improvement 
values obtained for the “two-loop system." So far the con- 
denser antenna-loop system has shown that static at long waves 
in general has some directional characteristic. Sometimes the 
ratio of maximum to minimum static received when turning the 
loop was as high as fifteen times, that is, static was very direc- 
tional. 

The mathematical treatment necessary to derive the equa- 
tion for a cardioid directional characteristic shown in Figure 13 
is very simple and the procedure is similar to that used in the 
analysis of the two-loop system. The maximum and minimum 
signals are produced by waves propagated in the plane of the 
loop and they may be reversed by simply reversing the loop con- 
nections. Discrimination against interference from a specific 
direction may be secured by directing the plane of the loop 
towards the interfering source, the polarity of the loop being such 
that signals of that direction are suppressed. An experimental 
directive characteristic which was obtained by measuring the 
strengths of a continuous wave signal for different positions of 
the loop checked the cardioid curve in Figure 12 exactly. 

The emf’s induced by the signal in the loop and condenser 
antenna circuits are always in quadrature and the beating oscilla- 
tor tuning circuits can therefore be made somewhat simpler than 

703 


Fick 15---Long Wave Two-Loop System. Front View of Receiving Set 


shown in Figure 1 if the set is to be used only to produce the car- 
dioid directional characteristic. Figure 16 shows how simple 
it is to change an ordinary double detection receiver for this pur- 
pose, Тһе currents in the beating oscillator circuit 3 and the 
tuned circuit 4 are in quadrature and the two beating current 
emf's in the antenna circuits will therefore also be 90° out of 
phase. A small change in this phase angle may be obtained by 
detuning circuit 4 slightly and the relative values of emf's may be 
adjusted by varying the mutual coupling М. А good minimum 
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on spark signals and static, that is, a good balance of transient 
currents in two antenna circuits can only be obtained when the 
time constants of the two circuits are alike, and it is, therefore, 
in general, necessary to insert some extra resistance in the loop. 


P dcs antenna 


чат S | 
кантата ИИ" - Secondary Extra int.fre 


oirouit КЕ | detector 
iw Y КҮЛКІ МЫ. " 
ТЕКСЕ | 
oscillator Int .freq. 
ЯП 4 detector | 


т=з cme «жесе. Н — — 


Ordinary double deteotion raceiver 


FicurE 16—Schematic Circuit Diagram of ‘Condenser Antenna-Loop 
System” 


The cardioid characteristic is inferior to the characteristic 
obtainable with a‘‘two-loop system," but at long waves it has one 
great advantage, namely that it can be pointed towards any 
direction by simply turning the loop and it will give much more 
satisfactory results than a loop alone when it is desired to reduce 
interference from static or sparks, the direction of propagation of 
which makes an angle of at least 90? with the desired signal wave 
propagation. 


CONCLUSIONS 

А short wave directional two-loop system has been tested and 
shown to have the calculated directional properties. А similar 
long wave two-loop system has been developed and tested as far 
as possible under winter conditions of interference. Measured 
improvements in signal-to-static ratio range from unity to 
twenty, depending on the direction of the static. If this lies 
chiefly in the rear, the improvement is certainly 6 to 8 times. 
In fact, as far as experiments have gone, they indicate 
that, given а certain static distribution, the improvement 
could be calculated from the directional characteristic. Actual 
static distributions have, so far, favored the two-loop system as 
against the condenser antenna-loop system. 

The directional antenna systems described in this paper re- 
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quire а double detection receiving set with a separate intermediate 
frequency detector for each antenna, and all necessary phase and 
amplitude adjustments are performed upon the beating current 
inputs. The system really makes use of the following general 
rule for double detection sets: 

So far as the intermediate frequency currents are concerned, any 
change in phase, amplitude or frequency which it is desired to per- 
form upon the antenna circuit current as a whole may just as well be 
performed upon the beating current. 

The main advantages of this type of directional systems may 
be summarized as follows: 

(1) Large reduction in static interference. 

(2) Simple adjustments for interference reduction. 

(3) Dimensions of not more than 1/12th of a wave length (for 
the two-loop system), so that only comparatively small areas are 
required. 

(4) High efficiency antenna circuits so that excessive ampli- 
fications are not required. 

(5) Plenty of power is available in the beating current cir- 
cuits, which simplifies the construction of the phase and ampli- 
tude controlling apparatus. 

(6) The system can be checked quite readily. 

(7) It is quite easy to house the system so as to protect it 
from the weather. 


APPENDIX 
Since this paper has been written it has been possible to take 
continuous measurements for one week on the long wave two- 
loop system described. 


The results are givenin the foregoing diagram. The full-drawn 
curve gives the improvement in signal-to-static ratio measured 
on à band approximately 2,500 cycles wide centering upon 57,000 
cycles with the antenna located at Cliffwood, New Jersey, and 
directed for reception from England. Тһе dotted curve gives 
the static level in #V./m., as measured on one of the loops alone. 
The curves show that the improvement factor is approximately 
10 times when the static level is larger than 5 4V./m. 


SUMMARY: Тһе paper discusses methods of combining the signal cur- 
rents from the different antennas in a directional receiving system and a de- 
tailed description is given of a system by which all phase and amplitude ad- 
justments are performed upon the beating current inputs of a double 
detection receiver. The theoretically derived shape of the directional 
characteristic of atwo-loop system has been verified by experiments, and data 
on reduction of static for such a system are given. 
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PRESENT CONCEPTIONS OF REGENERATION 


When Edwin H. Armstrong, in 1912, brought the phenomena 
of regeneration to the attention of the radio world, he undoubt- 
edly gave rise to one of the greatest factors in the advance of 
radio today. Before regeneration, the electron tube served 
merely as a simple rectifier and amplifier. After regeneration, 
the same tube served as an amplifier of apparently unlimited 
extent. As is often the case in similar discoveries, the critical 
adjustments required and the enormous gain in signal strength 
so obtained gave the impression that the action was necessarily 
very complicated. Consequently at first very little attempt 
was made to explain the amplifying action except by stating 
that synchronous energy was fed from the plate circuit to the 
grid circuit which re-inforced the incoming signals. 

*Received by the Editor, January 17 and February 28, 1925. 
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Practically all of the present discussions and analyses of 
regeneration сап be grouped under two heads. First, that re- 
generation produces an equivalent reduction in the resistance 
of the grid circuit. Second, that regeneration is a voltage ampli- 
fication due to the addition of the re-impressed grid voltage and 
the original applied voltage. 

The first explanation of regeneration is the one more com- 
monly accepted. This states that the equivalent resistance of the 
grid circuit decreases a definite (not proportional) amount as the 
tickler coupling is inereased. A curve plotted between tickler 
coupling and the equivalent grid circuit resistance is а straight 
line and intersects the zero resistance axis at the point of critical 
regeneration. In this analysis an infinite amplification and an 
infinite response are obtained at critical regeneration regardless 
of the initial value of the signal voltage. This, of course, is im- 
possible practically and so this type of analysis is always modified 
by the statement that the tube output is hmited. This means 
that the characteristic curves are not straight lines in actual 
practice as we assumed in the theory. This variation from linear 
characteristics, which will be shown later to be the most impor- 
tant characteristic of regeneration, 1s absolutely omitted from 
almost all present. mathematical analyses of these phenomena. 
We are, therefore, foreed to reject the conclusions reached by 
such a method of analysis so far as they affect the conditions 
actually obtained in practice. 

The second method of analysis shows that the final voltage 
applied on the grid is the sum of the initial applied voltage and 
the voltages introduced by the tiekler. This analysis in some 
detail follows. When a regenerative circuit is brought near the 
point of oscillation, any voltage Impulse on the grid will cause an 
oscillatory current which will die out at a rate depending on the 
resistance of the circuit and the value of tickler coupling. If the 
ratio of the amplitude of one cycle to that preeeding is called “а” 
and if E, is the amplitude of a given cycle, al, is the amplitude 
of the next. If an alternating voltage E, of resonant frequeney 
is applied in series with the cireuit, then the voltage on the grid 
for the first few cycles will be as follows: 

л: abE EE, : ala E. HED FE. :---- 
Ela” — 1) 
(а--1) 
If “a” is less than “1” and “n” is infinite, then a” is zero and 


And for the n-th eyele will be 


— || --------- 
ананы аә 


As the value of “а” approaches “1,” E, increases without limit. 
If “а” is larger than “1,” the circuit will oscillate of its own 
accord. At critical regeneration a=1 and an infinite response 
is obtained regardless of the value of E;. The criticism of the 
first type of analysis also holds here. That is, in practice, linear 
relations are not maintained, and there is no reason therefore to 
assume that any mathematically constructed analysis сап be 
given as a correct explanation of regenerative phenomena. 

If any further proof is needed to show the fallacy and inade- 
quacy of the present analyses of regeneration, only a few facts 
are necessary. Assuming that either (or both) of the above 
methods of analvsis are correct, it is evident that regenerative 
amplification is limited only by the ability of the operator to 
adjust the tickler to the critical value, and that with any given 
adjustment the final voltage will be directly proportional to the 
applied voltage. This means that the amplification is a constant. 
However, quoting from an article entitled “Тһе Limit of Regener- 
ation,” by N. C. Little, in the August issue of the PROCEEDINGS 
OF THE INSTITUTE OF Rapio ENGINEERS, for 1924, we find the 
following: ‘‘Results obtained with VT-1 and UV-201 tubes, both 
used with varying amounts of grid bias, show that the relative mag- 
nitude of received signal in plate circuit to that impressed on the grid 
7s inversely proportional to the latter. This is called the inverse 
signal strength law. It states that the response of a system ad- 
justed to eritieal regeneration is independent of the strength of 
the impressed signal, that no matter how weak the oscillating 
field surrounding an antenna may be, if the regeneration is pushed 
to its limit, a finite signal may always be obtained." 

Obviously both of the above statements regarding the ratio 
of the final signal to the impressed signal cannot be correct. The 
first is quite evidently untrue, and the more experienced radio 
engineers will not accept the latter as an exact statement either. 
Something more than the previously advanced theories must be 
considered in the true explanation of regeneration and its limits. 


PoWER BALANCE IN NON-REGENERATED CIRCUIT 


To this end let us consider a few facts about the simple circuit 
shown in Figure 3. E; is an applied voltage, Kp the resistance 
equivalent to the tube impedance,! and A, the resistance in the 
inductive leg of the tuned circuit of inductance L and capacity С. 


1The action of a vacuum tube as an amplifier сап be replaced by a ficti- 
tious generator of zero internal impedance, іп series with a fi еа resistance 
The voltage of this generator is А (the amplification constant) tines the volt. 
age applied to the grid, and the resistance 1s equal to the plate impedance. 
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Тһе resistance in the capacity branch is assumed so small as to be 


neglected. 


FicureEs 1 and 2* 


Let а voltage Е, be impressed as shown. Е, will build up, 
reaching a final value which depends on the relative impedances 
of R, and the tuned circuit. However, let us analyze the instan- 
taneous conditions in the circuit. The power input at any in- 

E,—E, 


stant is given by E,XI. ButI-2-— p^ and therefore Watts 
p 


Input = E; ~ (E -E,) . The watts lost at any instant are given by 


the sum of йы losses in the two resistances, Rp and Ra. Тһе 


* This figure shows the Rice method of balancing out capacity coupling 
between two tuned circuits. Divided plate circuit neutralization could be 
used with equal advantage. 


712 


loss іп R, is proportional to Е,2. The watts lost are given by the 

sum of the M us two s 

Watts Lost — Е, Е.) ү 
R, 

tage across R, with E, volts on the grid. 

Before the final value of E, is reached, the watts input will 
exceed the watts lost. This surplus is stored up in the tuned 
circuit as а charge on the condenser or in the magnetic field of 
the inductance. А stable condition is reached when the watts 
lost equals the watts input from Е). Setting these two expres- 
sions equal and solving for E, gives 

E Е, К Ел 
9—75 р ру D 
R +K Rr 
This expression is the same as that obtained by assuming that 
E, divides between №, and the tuned circuit in the ratio of 
their impedances. 

The instantaneous conditions ean be shown to a better ad- 
vantage by means of curves. These curves are shown in Figure 
4, and are plotted between Е,2 and watts. The square of E, is 
used as abscissa in order to make the loss curve for Ka a straight 
line. The advantage of this will be more forcibly shown later. 
Notice that the watts input is larger than the watts lost below 
the point of intersection. This point determines the final voltage 
and is called the point of power balance. 


+, R, E Dx K is the effective volt- 


PowER BALANCE IN А REGENERATED CIRCUIT 

In the above discussion, the only power available for building 
up the voltage E, came from Ё. In a regenerative electron tube, 
however, the plate circuit introduces power into the grid circuit. 
H it introduces sufficient power, the tube will oscillate. In Fig- 
ure 2, let E, be zero. Then in order to oscillate, the plate must 
supply the resistance losses in both 72, and Rp. In the regener- 


FIGURE 3 
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ative state, the power supply from the plate circuit for any value 
of voltage E, is less than the losses in the circuit at the same 
value of E,. This is shown in the curves of Figure 5. Тһе loss 
in R, is usually much less than that in R, due to the relative 
impedances of the two branches and the relative resistance of the 
two branches. (The plate resistance branch and the inductive 
leg.) As long as the tube is not capable of supporting self oscil- 
lations, the sum of these losses is greater than the power input 
from the tickler. 
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Now let E; be applied. А+ the instant of application E, 
supplies power at the rate shown in Figure 4. However, as E, 
increases, the plate circuit also supplies power to the grid circuit 
as shown in Figure 5. The sum of these “power input" curves 
gives the total power input for any resulting value of E,. "This 
sum is shown in Figure 6. The loss in R, is directly proportioned 
to E,? and consequently this loss curve in Figure 6 is not different 
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than that shown in Figure 5. However, the loss in R, is no 
longer the same as before. As E, increases, the loss in R, de- 
creases, due, as previously shown, to the decreased voltage across 
Rp. When E, equals Ei, the loss іп R, is zero. Now as E, further 
increases, the loss in Е, increases, due to a greater increase of 
voltage across Rp. This loss curve is shown in Figure 6. Тһе 
sum of the two loss curves is shown and it may be seen that (for 
the range of values shown) the input is greater than tlie cor- 
responding losses and the tube will “oscillate.” In oscillating, 
the grid voltage will build up until some point of power balance 
is again reached, i.e., where the losses increase to equal the input 
As soon as E, is removed, the additional loss incurred in №, wil. 
bring back the conditions of Figure 5, where no oscillation will 
be produced. Regeneration therefore simply means one thing 
and one only. When a certain voltage E, аі а frequency fi is 
introduced into a circuit tuned to fi, as shown in Figure 2, the 
losses occurring in the circuit will be sufficiently lowered to allow 
the electron tube to oscillate at a frequency fi. In so oscil- 
lating, it builds up and maintains a stable value of voltage 
E, on the grid. Regeneration and oscillation are one and the 
same thing. 
The — for critical regeneration is as follows: 
Е, E? bE, 

E xa = R, К, а) 
In this equation 4 mew аге as previously stated except Rs, Ep, 
En b,and R;. R, is the grid-filament resistance of the tube used as а 
regenerator, Ё, is the voltage across the tickler coil, b is a constant 


2 
of such a value that zd expresses the value of tickler input to 
t 


the grid and 2, is the effective resistance of the tickler coil meas- 
ured across its terminals and is due to the absorption of power 
in the grid circuit. When E; is applied, the power furnished to 


the first tube by Е, is 

(E,— Ei)? E, E, 
= —-Ej— 7— 2 

€g I, E, R, Р, ( ) 

Аз Е, 15 directly proportional to E, (variations will be discussed 

later), all other terms remain constant. Subtracting (2) from the 


first term of (1) gives 


E, 
Watts Sav ede y (3) 
Knowing Е, and R,, the total loss curve in Figure 6 with Е, 
applied can be found by subtracting the above expression (3) 
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for *watts saved" from the total loss curve of Figure 5. If 
the tickler feed-back is that of critical regeneration and is a 
straight line function of E,?, i.e., where (1) holds true for all 
values of E,, the loss curve with E, applied will always be less 
than the tickler input and the voltage E, will build to an in- 
finitely large value. 


REASONS FOR LiMITED ÁMPLIFICATION 


Our next and perhaps most important step is to determine 
what limits the amplification of & regenerative electron tube, 
and how these limits can be controlled in practice. It may be 
seen from Figure 6, that there is no power input from E; after 
E, equals Ei. This condition will be readily reached in practice, 
o for the present we will limit ourselves to a discussion of the 
imits with respect to E,. 


In a practical example of the circuit, Ra does not vary. How- 
ever, the values of the plate impedance of both tubes and the 
input impedance of the regenerator change with changes in am- 
plitude of E,. The initial values of these impedances are greatly 
affected by the type of tube, direct current plate and grid vol- 
tages, etc. In addition, the amount of change as E, varies, is 
greatly affected by the plate and grid voltage used. Another 
variable introduced is that due to the fact that the tickler input 
does not increase as a straight line function of Е,2, 

We have seen that when Æ, is introduced, the power input 
exceeds the power lost. Тһе grid voltage E, will build up to 
the point where the input and the loss are again equal. This 
means а loss increasing faster than E,?, or a tickler input increas- 
ing more slowly than E,?, or both. 

These variations from straight line characteristics serve to bring 
about this new point of balance. Тһе following equation expresses 
the power relation at the point of balance. 


Е,Е,-Е) у ee 
p, tHE Е) к p+ у US) а) 
= Ре Е) 
© te, ee 


where f, (E, — Е.) is a variable function of (E, — E) expressing the 
difference between the actual power loss in the plate impedance 


= 2 
with a finite E, and the power loss as given by USES where 
р 


f; (E,) is a variable function of Ef, indicating a change in loss 
(E,?) 


(R,) : andwhere fy (E,) is a variable func- 


from that expressed by 
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tion of E,, which includes all changes of the power supply from 
the tickler to the grid not in direct proportion to E,*. 
Then 


: E(E,—E)  (E,—E) (5) 
E = = 0 9 = g 
£t 0 Е.) R,’ R, 
Ер ES | 
f, CE.) = R, Ps Р, (6) 
bE, bE,? x 
Soul E,) 2 R, m R/ (7) 


where £,, R,, апа Р, are of values of the corresponding impe- 
dances when Æ, is infinitesimal and where Р, R,’, and №, are 
the values of impedance for finite values of Е,. 

Notice that all of these functions are zero for E,= zero, 
and can be positive or negative, depending upon the values of the 
primed numbers. 

It is interesting to note that equation (4) holds good whether 
critical regeneration is used or not. This makes it very easy 
to check experimentally. A board set up of the circuit of Figure 
2 was used with electron tube voltmeters to measure E, and Е,. 
With a given tickler adjustment Е. and E, were measured. Then 
E, was removed and the value of R, increased by а value Y 
until E, rose to its previous value due to self oscillation. 


In E, was then calculated, 
R, 
and p R,+Y was calculated. 


The two were found equal. 

Ап interesting case 18 that at which the tickler is adjusted 
until Е,= E,. The voltage across R, is then zero and №, may Бе 
varied without affecting E,. When R, is open circuited, the tuned 
circuit will be found to be oscillating with the same voltage E, 
on the grid. This, too, has been experimentally verified. 


If we assume critical regeneration we may subtract equation 
(4) from (1). 
E E, 
R, 
The left-hand member of this equation represents the “watts 
saved" by introduction of Ёл. The right-hand member repre- 


sents the change in losses which utilize this “surplus” power at 
the point of balance. 


= f, (E, — Е) 4-f, (E,) - fu (E). (8) 
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Let us examine the limit of regenerative amplification as 
these functions are varied, keeping in mind the following: 

First, in order for the tube to be in a state capable of “ге- 
generating" but never capable of producing "self sustained" 
oscillations, the total loss curve must be greater than the tickler 
input for all values of E, (no E; applied). 

Second, critical regeneration is obtained where the loss curve 
and the tickler power input curve are tangent at E,-0. | 

Third, the maximum amplification is obtained when the 
abscissa of the point of intersection of the loss curve and the 
power input curve is a maximum with a given value of Ei. 

Case I. When each of the above functions are equal to zero, 
or if the sum is equal to zero, or if the right-hand side is less than 
the left-hand side for all values of Ey, then E, will increase with- 
out limit regardless of the value of Е. This is true because 
under the terms of Case 1, the power input is always greater 
than the loss and E, will increase indefinitely. Such a condition, 
although impossible practically, is shown in Figure 6. 

Case II. Where the sum of the functions is finite and posi- 
tive, and increases faster than the left-hand member of (8); then 
E, will increase to a finite limit. This value depends on the value 
of E, but is not necessarily in direct proportion. This is shown 
in Figure 7. Upon removing Ё, E, will drop to zero and the 
conditions given in equation (1) will be resumed. 

Case III. Where the sum of all functions is negative or equal 
to zero for small values of E, and become positive for larger 
values of E,. In this case an infinitesimal value of E, will be 
sufficient to upset the balance of power and E, will build up until 
the conditions of equation (8) are again obtained. This will 
occur when the sum of the functions reaches а sufficient positive 
value. This case is shown in Figure 8. Upon removing E; the 
voltage E, will not fall to zero, but will remain at the point P, 
where the sum of the functions equals zero. То get the condition 
of critical regeneration again, it is necessary to reduce the tickler 
coupling and readjust it. This condition is known as “snapping” 
or *rubber-band effect” or “Норріпевв.”” 


LIMITING ErFkEecTs WITHOUT GRID LEAK AND CONDENSER 


The variations of the above functions with respect to E, can 
be shown very clearly by means of curves. Figure 9 shows 
average curves of the variation of R, with the variations of E,. 
This grid voltage is superimposed on the direct current plate 
voltage of the amplifier tube. 
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Figure 10 shows average curves of grid resistance with varia- 
tions of amplitude of E,. Various loss curves are plotted in 
Figure 11. These actual losses in watts are plotted against E,?, 
to produce as near a straight line curve as possible. However, 
in order to show the variations in loss curves by changing the 
circuit constants, extreme values have been chosen and the 
graphs are necessarily curved. 

Figure 12 shows the variation in plate current with grid vol- 
tage. This is a direct current dynamic curve with resistance 
load in the plate cireuit. From this curve are obtained the curves 
on Figure 13, which are alternating current dynamic curves. 
These curves indicate the alternating current plate current with 
alternating current grid volts. Notice that the grid bias very 
greatly affects the shape of these curves. 

The power input to the grid circuit from the tickler is equal 
to I? (alternating current) ХР, where №, is the previously men- 
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tioned resistance of the tickler coil, due to its coupling to the 
tuned circuit. The value of №, increases directly as the tickler 
coupling is inereased. J, decreases slightly as Ri is increased, 
but as the value of Ry is low compared to the total impedance 
of the plate circuit, 7, does not change а large amount. Figure 
14 shows several power dynamic curves. K? is used as abscissa 
to conform with the abscissa used on the loss curves; also to 
maintain the same shape of dynamice curves, (due to ordinates, 
I, XR). 

From these loss curves and input curves it is readily seen that 
practical conditions may vary greatly, and the limit of amplifiea- 
tion varies with every change in operating conditions. 


Глмітіхс Errkcrs With GRID LEAK AND CONDENSERS 
In the regenerative action considered so far, the tube was 
used simply as an amplifier and not as a detector. It is common 
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practice, however, to regenerate the detector when using a grid 
leak and condenser. The component effects in this case are some- 
what different than previously indicated. 
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FIGURE 14 


The first change is in the effective resistance of the grid leak 
and condenser plus the grid filament resistance. Ifthe grid leak 
is small, the condition is not greatly different from no grid leak 
at all. That is, the current increases faster than E, and the re- 
sistance loss increases faster than in direct proportion to £E,* 
If the grid leak is high, the grid condenser accumulates a negative 
change, tho the grid current must always increase as E, increases, 
it will not increase as swiftly as in direct proportion. Іп this man- 
ner the effective resistance of the grid filament circuit increases 
and the loss does not increase as fast as E,?. These loss curves 
in the grid filament impedance, plotted against E,?, are shown 
in Figure 15, using two values of grid leak resistance. 


э 5.4 
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The alternating current dynamic characteristic of power in- 
put is also different with grid leak and condenser. As E, is ap- 
plied, the average grid potential moves down on the static curve, 
thus increasing the impedance of the tube. Such a dynamic 
curve for 2215 volts (E,) with grid leak and condenser is shown 
In direct comparison with a similar curve without grid leak and 
condenser in Figure 16. Тһе reason for this maximum power 
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input change is seen in the static curve of Figure 17. When the 
grid draws current on the positive half cycle of E,, the grid accu- 
mulates the negative charge and the average charge becomes 
increasingly negative. Тһе grid becoming negative increases 
the tube impedance and so decreases the plate current. 

With large values of plate voltage the change in plate imped- 
ance is less with a given change in grid bias. The result in the 
dynamic eurve with grid leak and condenser is shown in Figure 
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18. Comparing the static curve of Figure 19 with that of Figure 
17 shows the reason for the relative changes in impedance. 
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As previously pointed out, the maximum amplification will 
be obtained when the loss and input curves follow cach other 
for the greatest distance. The dynamic curves for grid leak and 
condenser used under ordinary conditions (2215 volts on the 
plate), are always concave down. As seen from the loss curves 
we can adjust the grid leak to change the loss curve in R. If we 
continually adjust the tickler to maintain critical regeneration, 
decreasing the grid leak resistance increases the total loss curve, 
increases the tickler feed-back, and also decreases the rate of 
downward curvature of both curves. However, the curvature* 

*In the following discussion the word curvature must be understood to 
mean curvature downwards. Thus if the curve under discussion is concave up, 


its curvature must be thought of as negative, and the phrase "decreasing its 
curvature" means increasing its rate of upward curvature. 
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of the tickler input curve decreases faster than that of the loss 
curve. Thus,the two curves continually approach each other. 
This condition is shown in the curves of Figure 20. 

It is readily conceivable that with certain values of grid leak, 
the curvature of the tickler input may be less than that of the 
total loss curve. Now if the point of critical regeneration is 
approached, that is, where the loss curve and input curve аге 
tangent at zero, the tube will "snap" into oscillation. Such a 
condition is shown in Figure 21 and in Figure 22. The input 
curvature is less than that of the loss in the range shown. How- 
ever, with large values of E, the input curve becomes horizontal. 
The loss curve always increases so that at some point these two 
will be equal. The tube (in Case С, both Figures) will oscillate 
at this value of E,. not shown on the curve. 

The relation between losses and input with high grid leak 
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resistance shows that the two curves do not follow each other 
for a great distance and, therefore, the resultant amplification 
Is low. Satisfactory operation cannot be obtained with snapping, 
as shown in Figure 22, so a low leak resistance will not produce 
any better results than a high resistance. Obviously there is 
some best value of grid leak to use with a regenerative detector. 
The results obtained when using this correct value explain in a 
large measure the growing use of a variable grid leak in sets 
where maximum sensitivity is desired on very weak signals, 
regardless of a multiplicity of adjustments. 


AMPLIFICATION WITH AND WITHOUT GRID AND CONDENSER 


Figure 23 shows how the form of dynamic curve with grid 
leak and condenser effects the voltage amplification. The curves 
are a self-evident demonstration of the higher amplification with- 
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out grid leak and condenser. These curves were taken at 221. 
volts on the plate of the regenerator. 
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FIGURE 23 


The decreased voltage amplification on the grid due to 
the introduction of the grid leak and condenser may or may not 
be compensated for bv the increased detecting efficiency. of the 
system. Thus the audibility of the signal as measured by an 
audibility meter in the plate circuit might be more with grid 
leak and condenser even tho a lower maximum voltage is obtained 
on the grid. 


EFFECT OF RESISTANCE IN THE GRID CIRCUIT 


An important factor in the voltage obtained by regenerative 
amplification is the magnitude of the resistance in the grid circuit. 
So long as the tube can be made to oscillate, it is popularly sup- 
posed that the same voltage may be obtained at critical regenera- 
tion, regardless of the grid circuit resistance. Let us examine the 
actual results obtained by changing the resistance. 

Assume the circuit of Figure 2 to be adjusted to critical regen- 
eration and that E; is applied. Equation (4) will then express 
the power balance, 


E, (E,—E : E; E 7 

| D +f, (E-E) +5, 5+ +/,(Е,) 
=" (Е, 
= Р, М 40. 


and a stable value of E, will be obtained. 

Now assume that E; is removed, R, is increased and the 
tickler readjusted to critical regeneration. Assume that E; is 
now reapplied and also that the same value of E, is momentarily 
existant. If the power loss under these conditions is less than 
the power supplied by the tickler, the voltage will build higher 
until à new condition of balance is obtained. If the power loss 
Is greater than that supplied by the tickler, then we have chosen 
too large а value, and E, will be smaller in а condition of balance 
than we have assumed to be momentarily existant. 

An examination of equation (4) shows that the only terms 
affected by the changed conditions are: 

2 5-2 
zu ^ E and fu(E,) 

But since the tickler has been readjusted for critical regeneration 
with the increased resistance, the change іп eh has been exactly 

. b E, 
counterbalanced by the change in -,," . Hence the only term 

t 

tending to upset the equality is /«(Е). With a given Е, if the 
tickler input represented by s is increased by increasing the 

t 
tickler coupling, then f; (E,) will be increased. 

If the function is positive (that is, if the tickler curve is con- 
cave downward as in Figure 24), then the power loss exceeds 
the power input under the second set of conditions and the true 
balance will be obtained with a smaller value of E, than that given 
by the first set of conditions. This means that increasing the 
value of Р, will decrease the value of E, even tho c.itical regener- 
ation is obtained. 

Conversely, if this function is negative, E, will build to a 
larger value in the second case than in the first. This case would 
seldom occur in practice. Notice, however, that the function 
heing negative means that the tickler curve is concave upward. 
To obtain critical regeneration without self oscillation, under 
such conditions, the loss curve must have a larger rate of curva- 
ture upward than the tickler input curve. Under these condi- 
tions, an increase іп Ry would produce greater voltage amplifica- 
lion. 

If the function is zero (that is, if the tickler input curve is a 
straight line), the value of Ra will have no effect. This condition 
may be approximated in practice. In most cases, however, an 
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increase in circuit resistance decreases the available amplifi- 
cation. 
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An illustration with curves will make the point clearer. 
Assume the circuit to be so adjusted that the loss curves are 
straight lines and the dynamic curve increases as shown in Case 
А, of Figure 24. Let the resistance loss be doubled by increas- 
ing Ra, ав shown in Case В. Now double the value of tickler 
coupling. The effective resistance R: is doubled, but the power 
input is not, due to a decrease in 7,, with increased plate circuit 
impedance. "Thus in order to obtain the point of critical regen- 
eration with the increased resistance losses, the tickler coupling 
must be more than doubled. 

Let а certain value of E; be applied to the low loss circuit, 
in Case A. The new total loss curve is as shown, the area be- 
tween the loss curves being slightly shaded. The lower loss 
curve can be obtained for any value of E, with the given value 
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of Е,, by subtracting the value given by (3) from the upper 
loss curve. Тһе point of power balance, or the final value of 
E,, is indicated. A 

Now consider the result when the same Ё; is applied to the 
higher loss circuit. The new loss curve lies the same distance 
below this upper loss curve as it did in the previous case. The 
value of “watts saved" depends only on Е, and Е,, and is inde- 
pendent of Ra. This new loss curve will intersect the input curve 
at a very much lower value of E,. Thus in this case increasing 
the resistance will decrease the voltage amplification (E,/ E), 
even tho the point of critical regeneration is obtained for the 
larger resistance. 

Dynamic curves such as those shown in Figure 24, are ob- 
tained under normal conditions when using a grid leak and con- 
denser. "This indicates that under operating conditions, the 
resistance may very greatlv affeet the voltage amplification. 
Figure 25 shows the circuit which was set up to test this state- 
ment and the curve resulting. It can be readily seen that the 
grid voltage at critical regeneration decreases as the resistance 
losses in the oscillatory circuit are inereased. 
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Turn Ratio For MAXIMUM AMPLIFICATION 
Regenerated transformers often use a step-up ratio. As in 
the case of unregenerated transformers, there is a certain turn 
ratio which will give maximum amplification, 
Consider the action in the circuit of Figure 2 if a step-up ratio 
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ін used. Тһе equation for a power balance with critical regener- 
ation and £F, applied is 


NEN E, —Ey ысын ” 2 : 
“ : +N Е,-Е,)-- к Et +f,(E,) 
R, KR, R, | (9) 
bE? 
= R — fe E,). 


where N E, is the voltage that would appear across the primary 
coll if the circuit were oscillating with E, volts on the grid. Then 
N is the effective turn ratio of the primary to the secondary 
of the transformer. 
NE,E 
R; 
For simplicity let us assume f, АЕ, E) +f, (E) is zero. In 
other words, the plate impedance of the first tube and the 
grid input impedance of the second tube do not vary as E, 
changes. "The effect of these on the result will be discussed later 
NE,E 
ре (10) 
К, 


If we subtract “watts saved” from both sides of equation (9) 


-fQN E,— Ei) +f,(E,) +fulE,). 


Watts saved 


Then fue (E,) = watts saved = 


and combine the terms 


Est and г into г 
Е € > 
К R, R, Z 


(where Z is the impedance of the tuned circuit across the ter- 
minals of the condenser when A, is removed), we then have 
оре. (11) 

If we vary the ratio V and continuously readjust for critical 
regeneration, the rate of change of E, with respect to N is zero 
at the point of maximum amplification. If we derive the above 


| ТИСЕ! К 
equation, letting IN = 0, and solve for N, we get a formula for 
d. 


the ratio giving maximum amplification. We must keep in mind, 
R is not zero at this point, 
t 


since the tiekler is continuously readjusted. If R: is small, com- 


however, that the rate of change of 


Md 
qu 
fu (E), hence their. derivatives аге proportional іп the same 
ratio. That is 


pared to the tube impedance, Is directly proportional to 
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d bE? ЬЕ, 
aN R HB (12) 


Af.) Л.Е) 


d bE? bE,d MC (13) 
AN Re В, МЕ) 
The derivation of (10) gives 
d NE,E, Е, Е, 
Ade ы NRI adi 4 
jy) = dN  R, R, (14) 
Substituting in equation (13), the values given by equation 
(11), by equation (14) and equation (10), gives 

d bE, _ Е E, 24 Е.Е, R, 


dN R | R, Z| R, МЕ, Е, (15) 
[N* E ex 1 
R, Z |М 


Hence deriving equation (11), we get 


2N E, N'ES Е,211 
R, =| R, ES (16) 
Simplifying (16). 
2N*E,? N?E} E 
9 _ g Ha 1 
E. R tZ (17) 
Solving (17) for N, gives 
N? 1 
— =- 18 
72 (18) 
_. [Rp 
N= E (19) 


Hence the best ratio is approximately 1%, It сап be 


proved that this ratio is one which will give а primary imped- 
ance equal to R,. This is the same ratio as that which would be 
chosen for an unregenerated transformer. 

737 


lt was assumed in the above that f, (М E, Е) and f, (E,) 
were equal to zero. If f; (Ej) has a positive value, however, the 


| d 
result is changed toward а one-to-one ratio. qy (Eo) will 


: d : ! : 
not be affected since qx Eo) is zero at the point of maximum 


amplification. 
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Normally f, CV E, — Ej) will be so small as to affect the result 
only slightly. 


It is evident from equation (19) and the above discussion, 
that for maximum amplification in a regenerated transformer, 
the correct ratio between secondary and primary turns 


"m | 
(that ls, d is equal to the best ratio of the transformer when 
unregenerated. 
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VARIATION IN AMPLIFICATION WITH VARYING INPUT 


A subject of much discussion concerning regeneration and 
one which muct be included here, is that of the ratio between 
the initial and the final signal, that is, the ratio between the grid 
voltage on the regenerating tube and the voltage on the grid of 
the radio frequency amplifier. 

Two conditions are possible in this consideration, first, 
when the tube is capable of regenerating, and second, when it is 
adjusted to critical regeneration. Let us consider the action 
when the tube is capable of regenerating but not adjusted criti- 
cally. The loss curve and the tickler input curve are assumed 
to be straight lines. That is, all functional terms in equation (4) 
are zero. If we let 


1 1 ] b 
XE ҒЫШ? ші. 
the solution for Е, is 


E,=E, 


Б Е (20) 


This means that E, is directly proportional to Е, for all values 
of E,. Or in other words, the amplification ratio is independent 
of the strength of the applied signal. This is one of the conclu- 
sions reached in the “Bureau of Standards Sci. Papers," Num- 
ber 487. Figure 26 shows loss curves and the corresponding 
values of E, with a given tickler adjustment. Note that the 
amplification ratio is a constant. 

However, there is one fallacy in this proof. Тһе tickler input 
curve is seldom a straight line, ав was assumed. It is usually 
concave downward. It is evident that under these conditions 
doubling the value of E, will not double the value of E,. The 
actual ratio for any value of E; will depend on fx (E), or on the 
difference between the actual input curve and a straight line. 
Thus under normal conditions a greater amplification ratio will 
be obtained when using а small value of Ei. А close inspection 
of the observed points in Figure 3 of the above mentioned “Ви- 
reau Sic. Paper" shows this actually to be the case in their results. 
This apparent discrepancy was evidently attributed to experi- 
mental error and no attempt made at explanation. 

While this variation from a constant amplification ratio is 
almost immeasureably small when low values of “feed back” are 
used, this effect becomes of supreme importance when the cir- 
cuit is adjusted to critical regeneration. Such a condition is 
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shown in Figure 27. The sharp bend in the tickler input is some- 
what exaggerated, altho this can be approximated under some 
conditions. Due to the enormous amplification obtained at 
critical regeneration, smaller values of input voltage were used 
for these curves. The loss curves for various values of applied 
signal are shown and the resulting values of E, are noted. Іп 
this case it may be seen that the amplification ratio is almost 
inversely proportional to the strength of applied signal. This 
conclusion was previously advanced by N. C. Little, in his article 
on “Тһе Limit of Regeneration." 
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This effect accounts for the possibility of receiving distant 
stations when the amount of received energy is extremely small. 
The amplification ratio with such a weak signal may be as much 
as ten thousand or more at eritieal regeneration. 

Figure 28 shows curves actually obtained by measurement 
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between amplification ratio and the strength of applied signal. 
Notice how rapidly the amplification ratio increases as the 
strength of applied signal decreases. Тһе curves also show the 
difference in amplification ratio using a grid leak and condenser. 
This result could have been predicted by considering the change 
in the shape of the tickler input curve when using a grid leak 
and condenser. 
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One result of this discussion is to show how greatly inferior 
radio frequency amplification is with respect to regeneration, 
especially when receiving distant and weak signals. With mod- 
erate signal strength a radio frequency amplifier may give a 
stronger output than a regenerative receiver, but if the signal 
input is reduced continuously a point will eventually be reached 
where the regenerative set will excel the radio frequency amplifier. 
The very nature of regeneration in amplifying weak signals more 
than strong ones is an effect which is more than we would hon- 
estly dare to require.. 


CIRCUIT CONDITIONS AS AFFECTING DISTORTION 

In all of the above discussions we have assumed that the 
voltage E, was applied for an unlimited time and we have dis- 
cussed the value of E, after it had reached a stable condition. 
Under this consideration the L/C ratio (if К Ra remains the same) 
will not affect the above results in the least. However, if the 
time of application is limited or if E, must follow the amplitude 
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variations of а modulated continuous wave input, then the L/C 
ratio is important, since it affects the rate of increase of Е,. 

We see from the expression (3) that with a given E; (where 
E, is small), the value of “watts saved" increased almost directly 
as E,. We have also seen that as E, increases, the losses increase 
until a point of balance is reached. Until this point is reached 
the watts saved are greater than the losses. In considering the 
time relations involved we can assume that the average avail- 
able watts for building up the voltage E, is а small part of the 
value given by (3). These average available watts are used to 
charge the condenser as Е, increases. 

The bearing of the above on the effect of the L/C ratio can 
best be shown by concrete example, assuming plausible values 
for the circuit constants. 

Let E1—0.1 v. E,=2.0 v. at the point of balance. 

Let C = 100 mmfd. 7F-1,000,000 cycles per second. 

R,=10,000 ohms. 

ЕМЕ, 0.29 Ж" 
Тһеп R, = 10,000 —20X10 " watts 
This is the value of watts saved at the point of balance due to 
E,. Then 107 is approximately the average value during the 
rise of Е,. 

Assume that about 1/5 of the average watts saved are 
available for charging the condenser, the rest going to supply 
the extra losses due to the change in the functional terms as E, 
increases. Then the average value of power available for charg- 
ing the condenser will be about 2x10 watts. The energy 
stored in the oscillating circuit when E,-2 у. is given by the 
expression 


1/2CE,?= 


2x10 9 e" CAE TS 
2X 10 * equals 1Х1077 seconds. "This gives the time for the 


voltage to build up under the above assumptions. This time is 
equivalent to 100 cycles at the assumed frequency. 

Of course it cannot be said that E, builds to a final value in 
100 cycles, since mathematically it never reaches the stable con- 
dition but approaches the final value asympototically. In other 
words, as the circuit approaches the stable condition, the rate of 
increase of E, decreases so that it continually approaches, but 
never reaches its limiting value. In a small fraction of a second, 
however, E, approximates its limiting value so closely that the 
difference would be too small to measure. This small fraction 


100. X 2 


251012 = 2107! watt seconds. 
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of a second necessary for any value of E, to charge the condenser 
to the value determined by Е,, determines the maximum rate at 
which E, can be changed and still obtain its maximum value. 
The inverse of this fraction gives the approximate frequency of 
modulation at which & decrease in amplification will become 
noticeable. In the case discussed this would be about 10* cycles. 
Higher frequencies would suffer greater decrease in amplification 
and lower frequencies scarcely at all. This explains why in 
general regeneration causes but little distortion. 

If Е, is decreased, E, will decrease. If E; and E, decrease in 
the same proportion, the watts available for charging the con- 
denser will decrease in proportion to E,?. Тһе energy in the con- 
denser is directly proportional to E,?. Consequently the time 
required (and so the number of cycles) to charge the condenser 
is the same regardless of E;. However, if E, does not decrease 
as fast as E; (usually the case), the watts available for charging 
the condenser will be less in proportion. Thus to obtain the 
maximum voltage (approximately), longer time will be required 
when E; is small. In this case modulation frequencies below 
10,000 cycles may suffer loss of amplification. This means that 
with critical regeneration, weak signals will suffer more distortion, 
due to the disproportionate amplification of the lower frequencies 
than will strong signals. This fact has often been observed in 
receiving voice modulated continuous waves. 

If the circuit is tuned to another frequency by changing L, 
the energy in the condenser for given balance point (Е,) is con- 
stant. In this case the time required is independent of the carrier 
frequency and there is no more tendency to distort the modula- 
tion on low carrier frequencies than on high frequencies. If, 
however, the capacity is increased to tune to а lower frequency 
(higher wave length), more time in proportion will be required 
to obtain an approximate maximum Е,, and consequently the 
modulation will suffer greater distortion. 


OPTIMUM HETERODYNE 


It is generally understood that regenerative amplification 
only occurs when, independent of the signal, there are no local 
oscillations produced. It is nevertheless a fact that when the 
circuit is oscillating weakly, as in heterodyne reception, very 
great amplification is obtained of the beat between the signal 
and the local oscillations. This amplification is due to regener- 
ative action. 

Conaider the action taking place when the circuit of Figure 2 
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is oscillating at a frequency fo. The equation (4) previously 
given (using Ё = 0), will give the equation of balance. Let EF, 
be applied at a frequency fi. At the instant of balance when E, 
and Е, are 180° out of phase, the decrease in power loss is given by 
аа (3) 
Rp 

and as a result E, will tend to increase as previously explained. 

Now assume the point where E, and E; are in phase. The 
losses in Rp increase, due to the increased voltage across it. In 
this case / is supplying power to the circuit. 

The value of the loss in R, when Е and Е, are in phase is 
given by 
E72 E, EF E? 

Rp 


However, Е, is supplying part of this. 


watts in R, p= 


E E, Е, 
R, 
OESTE, 

ие 


Power supplied by Е, = 


Power supplied by Е, 


" К DR г ЗЕБ 
Extra watts supplied by Е,, due to application of Ejis ED = 

P 
Extra watts loss due to E. 


It is evident that Е, will decrease and increase at the fre- 
quency (f; — f. and the amplitude of this variation depends on 
the values of the "watts saved" and the “watts lost." It has 
previously been shown that for a given E, a low loss tuned cir- 
cult produces more amplification (a larger Е). In addition, in 
heterodyne reception we want the "watts lost" to also be as large 
as possible. It is evident that the power available for changing 
E, increases, if the amplitude of loeal oscillation is increased. 
The rate at which the power loss and tickler input curves diverge 
will also increase as the initial value of E, is increased. This has 
a tendency to decrease the amplification. 

As these two tendencies oppose, there is obviously an opti- 
mum initial value of E, which will give the maximum response 
at the heterodyne frequeney. 

The efficiency of detection as affected by the initial value of 
E, must also be considered іп a complete analysis. The opti- 
mum point ean only be found by trial. 

The amplitude of the heterodyne beat will not be affected 
as fi and f» are separated. except as the time required to change 
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the charge on the condenser becomes appreciable. When the 
beat frequency is high, this effect noticeably decreases the ampli- 
tude of the beat. 


“Тосскімс-ім” AND ZERO BEAT RECEPTION 

In considering the effect of local oscillations with respect to 
regeneration, another well-known phenomena is to be considered. 
This is the effect of “locking in," where “locking іп” refers to the 
dead spot observed in the center of the heterodyne beat note 
obtained between the local oscillator and the incoming signal. 

Consider the circuit shown at “М,” Figure 29. This is equiva- 
lent to Figure 2, except that L and С are tuned to a frequency fs, 
and the tickler coupling has been increased until the tube is 
oscillating with the stable value E, on the grid. Е, is applied 
at frequency Л. 


Ficure 29 


VOLTAGE 


FIGURE 29 
745 


Let us assume an initial condition such as shown by the vec- 
tors at A. ЕЁ, and E, are in phase and the current in В, is іп 
phase with Е, (E, is assumed slightly larger than Ei). Assume 
fa to be greater than fi. 

Then the phase relation between Е, and E, will change and 
the phase angle $ will increase. Тһе phase relation for different 
values of $ are as shown at B, C, D, E, or F. The voltage E, 
across the resistor and the current 1, thru it, are no longer in 
phase with E,. As shown at BB, CC, DD, ЕЕ, and FF, how- 
ever, the current has one component 7,, in phase with E, and 
another 7, at right angles. Now 


Ел +Е?+2 Е, Ei соѕзф _ 
R,? E 
_E,+E, cos Ф 
Rp 
2: Е, sin ф 
Е, 


Ij = 


122 +]? 
I, 
I, 


l, is out of phase with E,. Hence if an equivalent circuit is 
desired, in which the applied voltage is 180° out of phase with 
E,, a reactance “Х” must be shunted across Ер. Such an equiva- 
lent circuit is shown in Figure 29 at “L.” 

The value of “Х” must be such that with E, volts across it, 
a current of J, amperes will flow thru it. Then 


y E ER, 
I, Ei sin ф 
The current in R, in this equivalent circuit is 
І. = E, +E: cos $ 
g R, 


and the value of 7,?—1I;?--7,? has not been changed. Hence X 
is an equivalent reactance introduced into the circuit by the 
phase relation between 1, and Е,. 

Let us take a condition when / is larger than fi. Then if Ф 
lies in the first or second quadrants, s?n $ is positive and X is 
positive (that is, an inductive reactance). Under these condi- 
tions a lagging current is flowing, as shown at BB and CC. The 
equivalent reactance X being inductive, the circuit is, in effect, 
tuned to a higher frequency and the value of / is increased even 
farther above fi. Hence the rate of change of $ is increased. 

If $ lies in the third or fourth quadrants, then sin ф is negative 
and X is negative (that is, a capacitive reactance). Hence fz 
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is decreased in value toward fi. This condition (that is, leading 
current) is shown at EE and FF. 

If f: — fiis not too large before E; is applied, it is evident that 
after E, is applied, X will have some value X, at which f» is 
changed so that f; = Л. 

Let « = the value of $ at which X =X, then 


ica E,sina 

Since f» was originally greater than fi, then X, must be nega- 
tive (that is, capacitive), in order to lower the frequency of oscilla- 
tion. Hence sin a must be negative. There are two values 
that satisfy this condition, one in the third quadrant and one in 
the fourth. Let the third quadrant value be called 4, and the 
fourth quadrant value 6. 

If 9 lies in the first or second quadrants, X is positive and the 
rate of change of ф (that is, 2 (f»—f))) is large.) If ¢ lies in the 
third quadrant, but is less than 4, 27 (f» — fi) is small, but is still 
positive; that is, ф increases slowly. If Ф should happen to have 
a value greater than @ but less than %, then X is greater than Хо, 
and 2л (fs —fi), will be negative, that is, @ will decrease. If ф is 
greater than а», then 2 = (f; —/fi) is again positive in value until 
$—-a 427 

From the above it is readily seen that, regardless of its initial 
value, Ф will approach a, and remain at that value. It may be 
shown by means of a similar argument that if f» is originally less 
than fi, the rate of change of $ is negative when E, and Е, are 
in phase. approaches a stable value a, in the second quadrant. 
The point of unstable equilibrium (where $=.) is in the first 
quadrant. 

If the frequeney to which the cireuit itself tunes is increased 


2 

tuned to a still higher frequenev, fo will always be greater than 
fi and the rate of change of Ф is always positive. In this case а 
beat note will be heard. 


above fi, the angle 2, approaches in value. If the circuit 16 


If the circuit is tuned below fi, 4; approaches — н in value 
and again, if the mistuning is carried farther, a beat will occur. 
On the other hand, as the circuit is tuned toward fi, the value 
of a, approaches т or 180° while as approaches 0. If the circuit 
is tuned fairly accurately to fi, the amplitude of the signal Е, 
may be diminished to a very small value and £, will still remain 
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in approximately the correct phase relation, due to the stabilizing 
effect of X,, which comes into play when the phase tends to shift. 
This is the well-known phenomena of zero beat reception. Here, 
as in heterodyne reception, an optimum initial value of E, will 
be found by trial. 


REGENERATION AND SHARPNESS OF TUNING 


It is a well-known fact that regeneration sharpens the tuning 
of a circuit by amplifying resonant frequencies to a greater 
extent than non-resonant frequencies. An analysis of the ampli- 
fication at non-resonant frequencies will enable us to construct 
the resonance curve for any given tuned regenerated circuit. 

First, consider a few facts concerning a non-regenerated cir- 
cuit as shown in Figure 3. For convenience we assume the fre- 
quency f, of the applied voltage E; to be varied and the resonant 
frequency fz to be constant. If f; is higher than fe, the tuned ` 
circuit offers а capacity reactance and the current thru R, is 
leading ЕЁ. At this time E, is leading Ei by some angle Ф. As fi 
approaches f;, E, approaches 180° out of phase with Е. When fi 
is less than f», Ф has increased to more than 180^, or E, is lagging 
with respect to Ej. | 

As shown under the discussion on ‘‘Locking-In and Zero Beat 
Reception," the current which is 90? out of phase with E, is 


Е, sin ф 
Ж” R, 
The equivalent reactance shunted across the tuned circuit thru 
which this current is flowing is X = „Р, uL . It was also shown 
Е, sing 


that ? is of such value that X tunes the circuit to resonance with 
the applied signal. For simplicity, we assume in this discussion 
that the degree of regeneration is not changed by retuning with 
purely reactive shunts, and also that the tube used has straight 
line characteristics. 

From the equation giving the value of X, the value of E, may 
Ы, X sind 

Ra ` 
cuit by adding a tickler, giving the circuit of Figure 2, and adjust 
the tickler to obtain critical regeneration. At any instant 
E, cos $ is the effective signal applied to the circuit. Since the 
circuit is now regenerated, E, increases. However, as E, in- 
creases, the angle $ approaches 90°, which increases E, sin. 
It is evident that the limit is the point where $ reaches 90° in 
value, for at that point sin $ is maximum. Notice also that the 


be obtained. Е, = Now let us regenerate the cir- 
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in-phase component of E, is zero. Substituting the maximum 


value of sin ф in the above equation, we get Е, = P which is 


p 
the value to which E, will build. As f; approaches ўз, the value 
of X increases and E, increases. Тһе resonance curve obtained, 
plotted between E, and the applied frequency f, is, therefore, 
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proportional] to the curve plotted between fi and the parallel 
reactance necessary to tune the circuit to resonance at the fre- 
quency fı. Such a resonance curve is shown by the dashed line 
in Figure 30. 
The resonance curve obtained by the above method is modi- 
fied by two factors. First, the limiting effect of the functional 
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terms of equation (4) prevent E, from reaching an infinite value, 
the actual maximum value being that given by equation 4. 

Second, critical regeneration 18 not maintained when the 
circuit of Figure 2 is retuned by reactive shunts. When an in- 
ductive reactance is shunted across a tuned circuit, the loss in 
that circuit decreases. (E, constant). When a capacity re- 
actance is shunted across such a tuned circuit, the loss increases. 
If adjusted for critical regeneration at the frequency f», and if fi 
applied is higher than fo, the circuit is capable of oscillating at a 
frequency fe. This is due to the decreased loss when the resulting 
inductive reactance is shunted across the circuit. 

This tends to raise the amplification above that given by the 
above equation. Conversely, if fı is lower than fe, the loss is in- 
creased and the amplification is less than that indicated by the 
equation. The effect of these variables on the curve derived 
from the equation is shown by the regenerated resonance curve 
in Figure 30. 


APPLICATION TO AN ANTENNA 


As will be observed, all of the above discussion has applied 
only to a regenerative stage of radio frequency amplification. 
When the same type of discussion is attempted concerning a 
regenerated antenna circuit, it is somewhat more difficult to 
draw an equivalent circuit. This is because it is difficult to show, 
in a simple way, the manner in which the signal voltage is 
applied.? 

Whether the signal voltage is introduced into an antenna in 
series or in any other conceivable way the following remarks 
must hold true for it or for any type of regenerated circuit. 

The equation expressing critical regeneration must take the 


form — +- 


where 2 is the impedance of the tuned circuit, and E, is an in- 
finitesimal voltage. 

When an amount of power “W” is introduced into the circuit 
or if “W” watts are prevented from being lost, there is a surplus 
of power which tends to charge the tuning condenser to а higher 

?The authors believe that, mathematically, the signal voltage E1 may be 
considered as being applied in series with а hypothetical resistance shunted 
between antenna and ground binding posts of the regenerated receiver; the 
resistance being of such a value as to replace the actual radiation resistance 
in damping effect. When this assumption is made, the regenerated antenna 


circuit reduces to the same equivalent circuit as the regenerated transformer, 
and the same formulas apply thruout. 
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value. As E, increases, the tickler input can no longer be repre- 


; 2 
sented by bE, but is less by an amount fa (E,). 


К, 

А condition of balance? will be obtained such that 
Er _ yy EV =f (E ) 
Z Be UMS 

If the circuit resistance is increased so that Z decreases, the 
tickler setting must be increased to maintain critical regenera- 
tion. If the tickler coupling is greater, the term fx (E,) is larger 
for а given value of E,. Hence the circuit comes to а balance 
with а smaller value of E, than previously. 

Since the term fx (E,) is larger when a grid leak and con- 
denser is used, the point of balance must always be lower with 
a grid leak and condenser. 

In а similar manner, the principal points discussed with 
regard to & regenerated transformer could be applied to a re- 
generated antenna, and the conclusions resulting must be the 
same. 


CONCLUSION 


The most important point in а discussion of this kind is the 
character and point of application of the input voltage. It may 
be considered as a series voltage in the secondary circuit if it is 
recognized that the value of this voltage will vary with any 
change in the current in the secondary circuit. Thus the theory 
of voltage summation as cited in the introduction is unsound, 
even if the variations of tube characteristics are considered, the 
reason being that Е, (at the point considered) will vary from 
cycle to cycle in any practical circuit. The only way any voltage 
may be considered as unaffected in value by load conditions is 
when the impedance of the generator is considered in the dis- 
cussion. 

In this paper the validity of the existing theories of regener- 
ative amplification are questioned and an explanation offered based 
on a power balance. The circuit conditions affecting this power 
balance are discussed. The resulting amplification under various 
circuit conditions are given, including grid leak and condenser. 
Some of the more commonly observed phenomena are discussed 
in relation to the theory advanced in this paper. The time rela- 
tions involved are briefly discussed and their effect considered. 
The entire theory may then be transferred to an antenna. 

*For simplicity the terms f (E,) and f, (Е,) are omitted in this am 
equation. Neither of these terms are very important compared to fu ( 
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In conclusion we may state that altho this paper seems 
rather long, many facts regarding regenerative amplification as 
affected by possible circuit changes are omitted. This was not 
due to lack of application of the present theory, but due to time 
limitations. Only such experimental proof as was necessary in 
direct confirmation of the theory was included. 

It is hoped that in some measure this paper may serve to make 
this most useful phenomena of regeneration a little clearer and 
even more useful. 

East Pittsburgh, Pennsylvania, 
January 1, 1925. 
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SUMMARY: This paper shows some of the defects of present theories re- 
garding regeneration and presents a new method of analysis based on the idea 
of a power balance. 

It is shown that a signal voltage does not supply power to a regenerated 
circuit but merely prevents certain losses from occurring. This upsets the 
balance between power input from the tickler and power lost in the circuit, 
so that oscillation occurs. In other words, regeneration consists of self-oscil- 
lation started and controlled by the signal voltage. 

The amplification obtainable in this way has a definite limit, the limit 
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being caused by variations in the plate and grid impedances of the vacuum 
tube, as the amplitude of the grid voltage increases. The rate of variation of 
these impedances as the grid voltages increases, depends on the tube and on 
the direct voltage used. 

The use of a grid leak and condenser decreases the voltage amplification, 
by increasing the rate of change of the plate filament impedance. In general, 
however, increased detecting efficiency more than makes up for the difference 
when audio frequency output is considered. Тһе effect of resistance іп the 
grid circuit is to decrease the amplification by increasing the effect of the im- 
pedance variations. 

It is found that the best turn ratio to use in a regenerated transformer 
is the same ratio that should be used in a non-regenerated transformer. The 
amplification obtainable increases rapidly as the strength of an applied signal is 
decreased. Altho the inductance-capacity ratio does not affect the am- 
plification obtained on an alternating current wave train, this ratio does affect 
the amplitude of the audio output when a modulated signal is being amplified. 
If a low L/C ratio is used, high notes will be lost when a weak signal is being 
received with full regeneration. 

Regenerative amplification also occurs when a tube is in a condition of 
self-oscillation providing the strength of the local oscillation is weak. Under 
these conditions an incoming signal will be amplified whether it is beating with 
the local oscillation or of exactly the same frequency, as in zero beat recep- 
tion. The dead spot noticed in the center of a beat note is caused by a re- 
tuning of the local circuit by the signal voltage. This voltage being out of 
phase with the grid voltage causes the phase of the current to shift, thus 
acting like a reactance. 

A regenerated circuit amplifies non-resonant frequencies to a certain 
extent, the amount depending on the value of the reactance that would be 
needed to tune the circuit to the non-resonant frequency. 

Altho the whole development is concerned with a regenerated transformer, 
the entire paper applies equally well to a regenerated antenna circuit. 
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DESIGNS AND EFFICIENCIES OF LARGE AIR CORE 
INDUCTANCES* 


Bv 
W. W. Brown Амр J. E. Love 


(RADIO ENGINEERING DEPARTMENT, GENERAL ELECTRIC COMPANY, SCHENEC 
TADY, NEw YORK) 


In the operation of a radio transmitting station, two factors 
are of prime importance: reliability of operation and efficiency 
of operation. The antenna loading inductors, or tuning coils, 
may limit cither of these two. In the early development of an- 
tenna tuning coils for use with 200-kilowatt Alexanderson alter- 
nators, reliability of operation was of first importance. With the 
problem of reliability solved, the question of efficiency became 
paramount. This paper describes, briefly, early designs which 
have proven to be reliable, and, in greater detail, recent designs 
which are reliable and more efficient. 

The requirements for large air core inductances may be 
divided in two general classes: indoor coils and outdoor coils. 
In the majority of cases, outdoor coils are entirely satisfactory. 
In special cases in which the outdoor coils would be subjected 
to salt spray from the ocean, it is advantageous to protect the 
coils from the salt deposit. This requirement has lead to the 
development of an indoor сой. The designs of so-called indoor 
and outdoor types are essentially the same—the outdoor coil 
having longer creepage distances between turns and greater 
strength to withstand mechanical loads due to wind, and so on. 

During the early development of tuning coils, wood which 
was used for the framework, even when protected from the 
weather, caused many fires and a necessary reduction in maximum 
antenna voltage and power. The next step forward was the sub- 
stitution of porcelain for the wood, resulting in a design (Figure 
1), which was superior to the wood in reliability, but which had 
metal supporting rings, thereby introducing additional eddy 
current losses. With the arrangement of the conductor on this 
coil, which formed a two-layer winding, the inductance and kilo- 
volt-amperage capacity were relatively small for the physical 


*Received by the Editor, April 29, 1925. 
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dimensions of the coil. To obtain greater inductance in the same 
length of coil, the multi-layer block (Figure 2) was developed. 
The coils using this type of block (Figures 3 and 4) not only have 
more turns per unit length of coil, but the spacing between turns 
is greater and the creepage distance many times greater. 
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Figure 1—Antenna Tuning Coil 


On a frame of given dimensions, it is possible to obtain with 
the same factor of safety approximately three times the kilovolt- 
amperage in the design shown in Figures 3 and 4 as in the design 
shown in Figure 1. By factor of safety is meant the ratio of the 
kilovolt-amperage at which creepage begins, to the operating 
kilovolt-amperage. Coils using this type of block may be wound 
in a variety of ways. The conductor may be wound in every 
groove, or as many grooves may be left idle between turns as is 
required for the voltage between turns. The same coil form may 
be wound as an inductor for low currents and high voltage or for 
low voltage and high currents. Small variations in inductance 
may be made by changing the spacing between turns. Two 
windings may be alternately interplaced in the grooves of the 
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blocks to form а transformer. Тһе great variety of possible 
arrangements of conductors makes it possible to build a trans- 
former to meet practically any requirement. 


FIGURE 2— Porcelain SURE за T es Conductor of Antenna 
uning Coi 


FicgurE 3— Tuning Coil for United Fruit Com. 
pany, Radio Equipment 
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The construction of an outdoor type of coil, which has re- 
sulted from this development, is a porcelain braced coil, as shown 
in Figures 5, 6, and 7. This design eliminates almost all of the 
metal in the coil structure, and increases the rigidity of this 
beyond all former coils. Тһе coil is made almost entirely of por- 


FIGURE 4 


celain with the internal braces arranged to take advantage of 
the stiffness of a triangular form. During the development of 
this type of coil, a sample test coil was tested at the Tuckerton 
Station of the Radio Corporation of America. The umbrella 
antenna was being operated with one antenna coil in series with 
the alternator and in shunt with this circuit were three coils in 
multiple. Tests were made to determine the comparative 
efficiencies of the original coils, as shown in Figure 8, and the 
porcelain braced coil. In order to obtain data on the test coil 
under winter weather conditions, the conductor was wound in 
every other groove of the spacing blocks and the inductance 


-- 


4 38 


adjusted to the equivalent of the three shunt coils. Тһе antenna 
resistance with this arrangement was lowered approximately 
sixteen percent from the value with the three-shunt coils. This 
coll was left in service three months, carrying approximately 
18,000 kilovolt-amperes at 300 amperes during sleet, snow, rain, 
and fair weather conditions. As a result of these tests, the por- 
celain braced coil was shown to have higher efficiency at approxi- 
mately four times the maximum kilovolt-amperage at which the 
original coils could be operated, and to be mechanically stronger 
than any previous types. In one case, the porcelain-braced coil 
was connected to replace one of the three multiple coils of the 
original type shown in Figure 1, and the reduction in antenna 
resistance was approximately 10 percent. As an extreme condi- 
tion of loading, the test coil with conductor in every groove on 
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only four blocks, was loaded to more than 30,000 kilovolt-amperes 
at 400 amperes. This corresponded to an antenna input of 
approximately 200 kilowatts. 
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FIGURE 6 


It is desirable to design а coil for indoor service more com- 
pactly than ап outdoor coil for the following reasons: 

1. Economy of space. 

2. А concentrated field means less loss in surrounding objects. 

The fact that shorter creepage distance for a given voltage 
provides the same factor of safety indoors as is obtained with 
longer creepage distances outdoors, makes it possible to utilize 
the compact design. With the smaller physical dimensions, the 
field, due to the coil, is concentrated, and the losses in any metal 
within the field would be greater than in а coil with a weaker 
field. For this reason, it is essential to eliminate all metal from 
the field except the conductor. Not only should all metal be 
removed, but the frame must be of good quality dielectric and be 
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FIGURE 8 


non-inflammable. The porcelain framework for such a coil is 
shown in Figure 9. In building up a coil of this type, three or 
four of the sections are stacked up, using mica sectors as cush- 
ions between the sections. This portion of the coil serves as a 
base and is formed of one to six sections, depending on the 
voltage, nearness to large metal objects, and the like. The active 
sections (Figure 10), may be wound before erection or may be 
set up as a continuation of the base and the spacing blocks and 
conductor applied -afterward. The blocks (Figure 11) used on 
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this coil are similar to those used on the outdoor coils, but have 
been modified to provide a greater number of grooves in the same 
height. Тһе spacing blocks are separated from the porcelain 
framework by mica cushions and are held in place by the con- 
ductor. This construction is very rugged: А man may stand 
on the end of a block without causing the conductor to sag or the 
block to slip. These sections are stacked in а vertical column 
until the required value of inductance is obtained. Each section 
is nine inches high, 33 inches inside diameter, and 75 inches out- 
side diameter and has seventeen turns if all groves in the spacing 
blocks are filled. This coil meets all of the indoor requirements 
and, in addition, has an extremely flexible design. Only two por- 
celain parts are required. 


КїспвЕ 9—Porcelain Cylinder for Unit Ту 
Tuning Coil 36 inches in Diameter, Bottom View 


The efficiency of an antenna tuning coil is usually stated by 
giving the “power factor" of the coil. The power factor of an 
efficient coil should be below 0.002. Many of the coils in service 
are not within the range; however, there are some of the later 
designs which have power factors considerably below 0.001. 
Chief among the losses which go to make up the power factor of 
a coil are: losses in the coil frame, conductor eddy current loss, 
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and conductor ohmic loss. In the case of the indoor coil just 
described, the losses in the frame have been made extremely small 
so that the losses in the conductor are of the greater importance. 
The power factor due to the ohmie drop in the conductor is easily 
caleulated from the direct current resistance and the reactive 
drop; that is 


Conductor Ohmic Power Factor = X 
Mr. E. F. W. Alexanderson has developed a formula for the 
eddy current power factor. This formula was developed with the 
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Figure 11—Porcelain Spacing Block with Seventeen Grooves, for Unit Type 
High Power Antenna Tuning Coil. Side View 
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assumption that the conductor was in a uniform magnetic field. 
This field is not absolutely obtained but is very closely approxi- 
mated in the larger coils. This formula 


2 
Conductor Eddy Current Power Factor = х (4) 


does not take into account the form of the conductor; that is, 
whether there is a non-conducting core or the size of such core. 
In the preceding formulas: 

X = Reactance 

R= Direct current resistance 

d = Diameter of individual strands 

D = Coil diameter 


Tests which have been made indicate that this formula is correct 
to within a few percent for all conductors commonly used in high 
power coils. Тһе calculated ohmie and eddy current power 
factors of the unit type coil with four different conductors is 
shown in Figure 12. The eddy current power factor increases 
directly with the frequency, while the ohmic decreases inversely 
with the frequency. The small circles at the intersection of the 
ohmic and eddy current power factor for each conductor indicate 
the optimum frequency for the coil with that particular con- 
ductor. Figure 13 shows the sum of the ohmic and eddy current 
power factors on the conductor number 2 with various diameters 
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of coil. Тһе increased efficiency of the 75-inch diameter over the 
60-inch is very marked, but the increase from 75 inches to 120 
inches is not so great. For this reason, 75 inches seems to be а 
good diameter for an indoor coil, using this conductor. 
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For the large air core inductors which have been deseribed, 
the conductors are all of the Litzendraht or finely stranded copper 
conductor, each strand enameled. A large number of tests have 
been made on the conductors for this use. These tests show that 
the smaller the diameter of the strands and the larger the non- 
conducting core, the lower the losses are in the conductor. 

March 31, 1925, 
Schenectady Works, New York. 


SUMMARY: Representative designs of large air core antenna tuning in- 
ductances are described, in types suitable for outdoor and indoor service. The 
latest improved designs are described in greater detail and compared with 
earlier designs on a basis of efficiency and kilovolt-ampere capacity. Formulas 
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are given for calculating the ohmic and eddy current conductor power factor 
of coils using finely stranded, separately-insulated strands. 

In graphical form are shown the variations of ohmic and eddy current 
power factor with frequency, with four different conductors wound in а given 
arrangement to given dimensions; also the variation of the sum of ohmic and 
eddy current power factors with frequencies for a representative conductor 
on various diameters. These values were calculated by the formulas given, 
and indicate very high efficiencies for the latest types of coils. 
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AN EFFICIENT TUNED RADIO-FREQUENCY TRANS- 
FORMER* 


By 
Е. Н. Drake Амр С. Н. BROWNING 
(Crurr LABORATORY, HARVARD UNIVERSITY, CAMBRIDGE, MASSACHUSETTS 


At a time when radio engineers are generally concerned with 
the problem of developing more sensitive methods of reception, 
it seems particularly desirable that exact data on the design of an 
efficient tuned radio-frequency transformer be made generally 
available. While the present paper deals specifically with the 
problem of radio-frequency amplification over the broadcast 
range, some general formulas are furnished for the design of a 
tuned radio transformer for any wave length band. 

The figure of merit of a radio-frequency amplifier is usually 
considered to be its voltage amplification factor, but the ability 
of the amplifier to discriminate between the desired signal and 
signals at other frequencies is a factor of considerable importance 
in determining its utility. In preparing this paper, it has been 
our aim, first to design a transformer so that the theoretical 
amplification could be obtained, then to consider its selectivity, 
and the tendency of the circuits to break into oscillations. 
Values of voltage amplification predicted by theory have been 
checked by experiment, and from this agreement, as well as from 
audibility tests, the realization of the theoretical resonance 
curve has been concluded. 

The radio-frequency transformer is represented in Figure 
1 by coils Lı and Le, having a mutual inductance M. The pri- 
mary of the transformer is untuned; the secondary is tuned by 
a condenser Сз. Since the primary coil Гл is in series with the 
plate resistance of a vacuum tube, its resistance may be neglected 
in computing the current in the secondary. This fact, as will 
subsequently be shown, is of importance in designing the pri- 
mary so that capacity coupling with the secondary will be 
negligible. 

In this paper the over-all voltage amplification of tube and 


*Received by the Editor, Мау 30, 1925. Presented before THe INsti- 
TUTE OF Rapio ENGINEERS, New York, October 7, 1925. 
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FIGuRE 1 


transformer is called К, and is equal to 6/6). (See Figure 1.) 
In comparing the values given for K with the voltage amplifica- 
tion obtained from a one-stage audio-amplifier, it should be re- 
membered that the response of a vacuum tube detector is nearly 
proportional, for small values of e,’, to the square of the applied 
variation voltage so that a value K = 10 is equivalent to an audio- 
amplifieation of 100. (А good one-stage audio-amplifier will give 
a voltage amplification of 30.) 

It may be shown that for alternating current, Figure 1 is elec- 
trically equivalent to Figure 2 where the amplifier tube is replaced 


FIGURE 2 


4 
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by ап emf. of “ e, in series with the plate resistance R,, and the 
problem of determining the value of K is reduced to the problem 


of solving Figure 2 for is, since to an extremely close approxi- 
mation 


е' = Ls wW lo (1) 
The general coupled circuit expression for secondary current is! 
M WHC, 
ee уан 9 
Tu 7. (2) 
where 7 аз = Rè +X 
М? w? A М? о? \2 


The secondary current may be expressed in а form better 


! Pierce, “Electric Oscillations and Electric Waves," Chapter XI. 


768 


adapted to computation and design by employing certain stand- 
ard abbreviarions, as follows: 
- M ла R, T" Ba o im 
Vibe’ Liw Го 2z ^ Mrequeney 


1 | Wo 


А 1 
X p ГА (0: Xo = Low — ‚ OV, = 7 г i — Ө 
| Cs а) ' | WV Le C. (0) 


= amplification factor of the tube. 


With this notation and equations (1) and (2), the over-all voltage 
amplification factor becomes 


(3) 
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In equation (3), 7 is the coefficient of eoupling between coils 
Іл and Ly and 71 and Ж» are the power ratios of primary and 
secondary circuits. It should be noted that 7 is the usual sort 
of power ratio for a coil and will be nearly constant over a con- 
siderable range away from the natural period of the coil, while 
4, contains a resistance independent of the frequeney and can- 
not be considered constant over any range. 

In tuning the transformer for maximum signal strength, con- 
denser C» is varied until @ Is à maximum, assuming, of 
course, that Li and Zs are fixed. This partial secondary reson- 
ance relation is expressed mathematically by the. relation 


b M? Ы қ ө " y 
т = , Which? using the notation above and equation. (2) 


X; Zi 
glves 
І 1 
/ „ ЕТ La i Ты 
KITV у + | | BT : 
- { N L, : N La s . ә (4) 
K nar = 5 ,  -(approx.) , aM ЛЕ А" 
zT PU 
Хо far no special values of the transformer constants have been 
assumed except that Li and Le are fixed induetances. From 


equation (4) 1t is evident that since 4» Is approximately constant, 
there will exist a relation between T and 4, which will make A 
a maximum for a particular frequency. This relation шау be 
shown to be 


Zo. , 
б] £T qox 2 H | & 
т= (5+1) =арргох. 4i% as, K: (5 
"T 71 
2 Previous citation. 
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Equation (5) can only be satisfied for one frequency. For this 
one frequency the optimum K will be, 

Kopt — BV Le! Ly = bine | (6) 

24/ 717/2 2V R, Е, 

In designing the transformer, it is, in the light of the (6), clearly 
desirable to make L: as large as possible consistent with ability 
to tune to the minimum wave length desired. The actual 
value of Lə is thus а function of the distributed capacity of Ls, 
of the minimum capacity of C2, and of the input capacity of the 


next tube. The value of frequency for which 7° = 2 (4241) 
71 


may conveniently be chosen in the middle of the wave length 
band for which the transformer is designed. 

For plotting curves of the various equations above, the follow- 
ing constants have been chosen. "These represent about the best 
design for а tuned radio-frequency transformer to include wave 
lengths between 300 and 600 meters with UV-199 tube. Other 
tubes having equally small input capacities will serve as well. 

L;-0.13 mh. В,-- 20,000 ®=6 
1»=0.400 mh. 7» = 0.008 7T—0.52 


7, 
With these constants 7? = = (7:7+1) at 400 meters. 
1 


Figure 3 shows a curve of K against 7 for different values of 
wave length. These curves are plotted from equation (4) with 
n» assumed constant, and show that so long as 7 is greater than 
0.4, good amplification will be obtained over the broadcast 
range. Тһе maxima of these curves are the points where 


per (7;? -- 1) and the dotted line is, therefore, the locus of that 
71 


equation. Figure 4 is the value of 7; computed from laboratory 
measurements of R. This R: was measured with a lighted 
UV-200 tube, connected across the transformer secondary. Lz 
consisted of 70 turns of number 20 double cotton-covered wire 
wound on a tube four inches in diameter, while the secondary 
condenser was one of special construction designed for low 
losses. The values of уз given in Figure 4 are believed to be 
about the best that can be obtained with а reasonable size 
of De. 

In order that the theoretical amplification could be ob- 
tained, it was early realized that capacity coupling between 
primary and secondary must be reduced to a value neg- 
ligible compared with the inductive coupling. At the same 
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Figure 4—Curve of 7, Against 4. Coil Coil Consisted of 70 Turns of Num- 
ber 20 D.C.C. Wire on 4-Inch Tube. (Tube and Socket Included) 


time, for reasons given later, as large a value of coeffi- 
cient of coupling as possible is desirable. Capacity coup- 
ling may be assumed to be present when, in practice, a re- 
versal of the connections to the primary of the transformer 
changes the value of secondary current. In general, capacity 
coupling will be very large if Lı and Ze are coaxial, single layer 
coils of slightly different radii. Figure 5 shows the design finally 
adopted for the transformer for use in the 300-600 meter range. 
The secondary is wound with number 20 double cotton-covered 
wire on a four-inch tube; the primary is wound in a small channel 
in a thin wooden cylinder tightly fitted inside the secondary 
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ком Муло the resistanee of the primary is unimportant, the 
wx œ the wire for it should be chosen as small as can be readily 
млл and should be double cotton-covered to reduce distrib- 
meas o&Dacty іп (һе primary itself. Experiments showed that 
sich a transformer has very small capacity coupling, so that the 
po teary may be placed in the center of the secondary where the 
тооке coupling coefficient is а maximum. Although the cal- 
ылуу and measurements were made with а 70-turn second- 
ых. the value 65 turns given оп Figure 5 is somewhat more 
маме M signals from 240 to 300 meters are to be received 
Цу. However, with a condenser С» of maximum capacity 
CASS mÉ, and small minimum capacity, either 65 or 70 turns 
ov the secondary will give sufficient inductance for reception on 
wave lengths from 240 to 600 meters. 
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FIGURE 5 


Having decided upon the transformer design, the next 
problem is to investigate its performance іп ап actual radio 
eireuit. The possibility of creating sustained oscillations in a 
tuned circuit connected to the grid of a three-clectrode tube by 
adding positive reactance іп the plate circuit has been fully 
treated clsewhere.* A very rough idea of the amount of plate 
reactance necessary to produce such sustained oscillations may 
be formed from an examination of Figure 7, which was obtained 
by the method of Figure 8 for values of „С №, thought to be 
average. The important fact about Figure 7 is the order of mag- 
nitude of the quantities involved. 

Referring to Figure 1, it is readily seen that if an oscillatory 
спеше is connected between points 1 and 2 in suitable manner, 
oscillations may be produced due to the presence in the plate 
EE 77 Ballantine, "Physical Review," Volume XV, May, 1920. 
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circuit, between points 3 and 4, of an "equivalent reactance," 


made up of the reactance of coil Ly and the reactance produced 
by the secondary current thru M on L;. The equivalent react- 
ance in the plate circuit of the amplifier tube may be defined as 
the reactance, which, when connected between points 3 and 4 
(Figure 1), would give the same value of alternating current 
between these points as the arrangement shown. Тһе value of 
this equivalent reactance is given below equation (2), and by 
virtue of earlier notation is 


(1—8) 
X/-Le|1- A» (7) 
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FIGURE 6 


Figure 6 is plot of X,’ against 0 for three values of the co- 
efficient of coupling, for which 72-7, 7. For large values of 7 
the value of L, is, therefore, small, and conversely. For the con- 
ditions of Figure 7 oscillations would only occur in a narrow region 
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Wave Length 
Бісене 7—Reactance in Plate Circuit Necessary to Make а UV-199 
Tube Oscillate 
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FIGURE 8 


such as AB, and it isevident that AB will be narrower the greater 
the coefficient of coupling. The reason for making 7 as large as 
possible, consistent with negligible capacity coupling, is now 
evident, for by doing so the region over which the amplifier will 
tend to oscillate is reduced to a very narrow band adjacent to 
the setting for maximum voltage amplification, and by changing 
the value of Le C, Ro (see Figure 10) by any of the conventional 


‘The exact value of @ for maximum amplification may be shown mathe- 
matically to be very slightly less than unity. At this point the reactance 1s 
newitive but less than half its maximum positive value. 
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methods, the narrow band may be reduced to & point, thus pro- 
viding & beautiful method of determining when the antenna is 
in tune with the radio amplifier. Once the operator has cali- 
brated the amplifier condenser for wave length he has only to 
tune the antenna circuit until the narrow band is found over 
which the tube oscillates, and then to reduce this band to a point, 
after which the whole apparatus will be almost exactly in tune 
with the desired wave length. This process takes longer to 
describe than to perform. 
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Fictre (= Resonance Curve of Таныс Етер and UV-199 Tube. 
(Amplification Against Wave Length) 
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FIGURE 10 


Figure 10 shows the transformer used in a single circuit one- 
stage radio-amplifier receiver with non-regenerative detector. 
А potentiometer serves to change the value оѓ L,/C, Ro until the 
correct amount of regeneration is obtained. For the transformer 
above described used in conjunction with UV-199 tube, oscilla- 
tions can be stopped before the grid becomes positive with respect 
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to the filament. so that no amplification will be lest by having 
the grid positive. This is possible because 7 is chosen large and 
L: small. thereby satisfying the condition for maximum 
amplification and reducing to a minimum the tendency to 
өкесі ПА, 

The selectivity of a one-stage radio-amplifier using a UV-199 
tube and the transformer here described is relatrrely very. great. 
F4uation. 2, is the analytical expression for a resonance curve 
of A against wave length. Figure 9 is a plot of such a resonance 
curve for A=] at 400 meters. this point also being that at which 
7:-7;,7,. Resonance curves at other wave lengths will be of the 
каше general character, but will have slightly lower maxima. 
The selectivity is said to be “relatively” great because when the 
transformer is tuned to the desired signal. other signals at nearby 
wave lengths are amplified to a much smaller degree. vet it is to 
be noted that there is practically a one-to-one voltage transfer 
at wave lengths thruout the broadcast band. The practical im- 
portance of this is that a strong local station will be heard when 
the transformer is tuned to another wave just as loudly as if the 
radio-amplifier tube and transformer were removed and the in- 
coming Voltage applied directly to the detector. but as soon as 
the weak station to which the transformer is tuned is picked up, 
its signals will experience an absolute amplification of about ten, 
and so a relative amplification of ten-to-one is obtained. If 
absolute selectivity is desired, a coupled circuit should be used 
before the radio-amplifier. 


EXPERIMENTAL VERIFICATION OF AMPLIFICATION 


The method used to measure the voltage amplification is 
believed to be somewhat novel, in that it depends essentially on 
extrapolation. from curves for different conditions than those 
under which the transformer is used. Figure 11 shows the con- 
nections, The voltage applied to the grid-filament of the ampli- 
fier tube is known? from values of J and R. The current pro- 
duced by this voltage in the secondary circuit is measured by a 
thermo-couple and galvanometer, T and М. Since the thermo- 
couple happened to have a resistance (1.5 ohms) nearly equal 
to that introduced in елеше Le С by connecting the detector 
tubes to points 7 and 8, and since Jhe total secondary re- 
sistance ік about 20 ohms, no correction need be applied for 


b (Great preesutions against stray fields must be taken. In these meas- 
urements twisted leads carried the radio-frequeney current to the resistance 
from an oscillator located in another room, 
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the resistance of the couple, and the voltage amplification is 
given by 


_ Lini 
K= RI 


\\ 


FIGURE 11 


The most sensitive low resistance thermo-couple available would 
not give accurately measurable values of 1 until the voltage 
applied to the grid of the first tube was about four volts, а value 
enormously greater than that produced by & strong nearby 
station in а tuned antenna and, therefore, available as the input 
voltage to the amplifier tube. Also, even with four volts on the 
grid, the value of 4% could not be read with absolute accuracy, 
so for these reasons it was not thought desirable to rely wholly 
on a single value at such a large grid voltage, and the idea was 
conceived of obtaining several values of 7 at grid voltages rang- 
ing from 4 to 15 volts and extrapolating to find the real 7 for a 
value of grid voltage for which the excursion on the tube charac- 
teristic would not exceed the linear region. А series of such 
curves is shown in Figure 13. The value of plate voltage used 
was 50 volts. As long as ме; is less than about 20, there is а 
linear relation between 1% and e, and а common value of four 
volts may conveniently be used in reading the corresponding 
values of 72. 

If the agreement of theoretical and experimental values for 
voltage amplification is taken as an indication of the validity of 
the experimental determination, the method outlined above is a 
valuable one, as Figure 12 shows. At the upper end of the broad- 
cast band the agreement is almost perfect while divergence near 
the lower end is probably due to the increasing importance of 
small capacities in the tube and transformer at the higher fre- 
quencies and possibly due also to the fact that the value of R, 
chosen to design the transformer was not that of the tube used 
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Ficure 13—Current in the Secondary of the Radio Transformer Against Im- 
pressed Signal 


in the measurements, so that the relation 7*—7, уз was really 
satisfied by the transformer at a higher wave length than 400 
meters. It is believed that those who have had experience with 
the difficulties of measurements of this sort will be lenient toward 
the slight discrepancies between the theoretical and experimental 
curves. 
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There are two good methods of obtaining radio amplification 
at short waves. One is that described in this paper and consists 
essentially in tuning the transformer to the signal. Тһе other 
is that originated by Armstrong, the super-heterodyne, which tunes 
the signal to the transformer. Тһе writers sincerely hope that the 
material here presented will prove of considerable value to those 
desirous of improving upon the sensitiveness and selectivity of 
the ordinary regenerative receiver by the former method. This 
paper should, therefore, appeal to the enthusiasts who are inter- 
ested in radio-frequency amplification as well as to those who 
believe the utmost sensitivity is obtained by & combination of 
regeneration and tuned radio-frequency amplification. 


SUMMARY OF DEsIGN FORMULAS 
1. To compute Lz, let 4, be the minimum wave length in 
meters to which it is desired to tune. Then Zz in millihenrys 
will be given by 
L2=5X107° 2,2 


2. To satisfy the relation 72-7, 7, assume T=0.5 (for the 
construction shown in Figure 5) and substitute the value of 72. 
Then knowing the plate resistance of the amplifier tube and the 
mean frequency to which it is desired to tune, the value of Lı can 
be computed. 

3. For С; select а low loss condenser of proper capacity to 
cover the wave length band desired. 
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DISCUSSION* 
ON 


"A NEW PHENOMENON IN SUNSET RADIO DIREC- 
TION VARIATIONS" Bv L. W. AUSTIN 


BY 
R. І. Smiru-Rose AND R. Н. BARFIELD 


(Rapio RESEARCH Board STATION, SLouaH, Bucks, ENGLAND) 


The experimental results described by Dr. Austin in the 
August issue of the PRocEEDINGS are of great interest to us since 
we have been using tilting frame coil direction-finders for the 
past two years in an investigation of radio wave-fronts. Ав far 
as observations on long-wave stations at various distances are 
concerned, however, we have so far been unable to obtain any 
of the effects described by Dr. Austin, and we should like to ask 
one or two questions in order to obtain more definite information 
on this point. In a paper published earlier in the year (R. L. 
Smith-Rose and R. H. Barfield, “Оп the Determination of the 
Forces in Wireless Waves at the Earth's Surface"—Proc. Roy. 
Soc., 1925, Volume 107, pages 587-601), experiments were de- 
scribed in which the conductivity of the earth was measured at 
radio frequencies. In the same paper it was shown that this con- 
ductivity is so high in England that on long wave lengths, even 
were a radio wave arriving at the earth at an appreciable angle 
of incidence and polarized with its magnetic field іп а vertical 
plane, the reflected wave set up at the earth's surface will be such 
as to tend to eliminate any vertical component of the magnetic 
field. Тһе results of experiments were given supporting this 
theoretical prediction, and showed that the magnetic field of the 
arriving wave is always horizontal to within 1?, which was 
the limit of accuracy of the apparatus then employed. Ав а 
specific instance we may quote the observations on Leafield's 
transmission on a wave length of 12,400 meters at a distance of 
about 77 km. This station has been regularly watched now for 
over a year and altho all the usual effects of variations of bearings 
and signal intensity are observed, the resultant magnetic field 
has never departed from the horizontal by more than the limit 
above mentioned. Consequently, when the signal minimum 
with the coil vertical is blurred, indicating an elliptically-rotating 
magnetic field in the horizontal plane, no sharp signal minimum 
- — * heceived by the Editor, September 9, 1925 
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is found in any position except that in which the plane of the coil 
is swung thru the horizontal position, that is, with the vertical 
axis tilted at 90°. 

In our own experiments somewhat elaborate precautions 
have been taken to eliminate any stray emf’s which may be 
introduced into the receiving system by antenna or capacity 
effects or as a direct pick-up of signal on parts of the apparatus 
other than the frame coil. Furthermore, the site chosen for our 
experiments (at Slough) is situated well away from buildings, 
overhead or underground metalwork and so on, which might 
cause distortion of arriving waves. The site is known not to be 
ideal, but as 16 has been the subject of detailed investigation for 
the past four years, its essential defects are now fairly well under- 
stood. We should like to be assured that Dr. Austin’s experi- 
ments have been carried out under similar conditions, for since 
the vertical component of magnetic field is at best only a residual 
effect, it might be possible to get comparatively large tilts by 
balancing the effect of this magnetic field against a stray emf. 
in some other part of the apparatus. On a site which is not free 
from metallic frame buildings or even hills and other geographical 
features, there is the further possibility that the arrival of down- 
coming waves at night will produce abnormal effects in the 
immediate neighborhood of such sources of disturbance. If, as 
we hope, the experiments are above such criticism, it is evident 
that the site at which they are made possesses a fairly low effec- 
tive conductivity much lower than we have as yet been able to 
find in England. Could Dr. Austin give the results of any meas- 
urements of this conductivity at radio frequencies, either on 
the particular site in question or in any other parts of America? 
Having failed to find a place in this country (England) where the 
conductivity has a favorable low value, we have been compelled 
to resort to the alternative of using shorter waves in order to 
obtain measurable departures of the electric and magnetic fields 
at night from their normal day-time directions. Some measure- 
ments which have been carried out during the past three months 
on wave lengths between 300 and 500 meters have given very 
interesting results, and it is hoped to publish these shortly. 


August 25, 1925. 
L. W. Austin (by letter):* Of course I am very glad to find 


that Dr. Smith-Rose and Mr. Barfield have been interesting 
themselves in the phenomena described in my paper in the August 


* Received by the Editor, October 29, 1925. 
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PROCEEDINGS, even though their observations do not agree with 
mine. 

The conditions of experiment here were as follows: The 
double-axis radio compass coil and the well-shielded receiver 
were housed in a portable wooden garage about two hundred feet 
from the one-story radio building and а little nearer one of the 
125-ft. steel towers which support the main laboratory antenna. 
The soil around the garage is а coarse gravel mixed with red clay 
and there is an average slope of the ground toward the southeast 
amounting to 8 or 10 degrees. Not far away there are a number 
of small trees. The radio-frequency resistance of the ground has 
never been measured with any accuracy, but from antenna re- 
sistance measurements it is believed to be high. 

These conditions are not ideal, but special experiments show 
that the steel tower, which is by far the most dangerous source of 
error, plays no part in the phenomena. In these experiments the 
main antenna, supported by the tower in question, was tuned to 
WII, the station being observed for direction variation or blurred 
minimum, and alternately connected to the tuning inductances 
and left open. Within the accuracy of observation this produced 
no change in the deviation of the radio compass or in the vertical 
angle for which the minimum became sharp. Тһе accuracy of 
setting was certainly better than 1 degree for the deviation and 
5 degrees for the vertical angle. 

Another experiment, in which the horizontal compass axis 
was pointed toward the transmitting station, showed а minimum 
of signal with the coil depressed about 10 degrees toward the 
southeast, i.e., bringing the coil roughly parallel with the 
sloping ground. 

Still other experinents were made in which the antenna effect 
of the compass coil was varied by using а compensating capacity 
to earth and also by coupling a small untuned antenna to the coil. 
None of these, however, produced any certain changes in the 
phenomena. | 
Bureau of Standards, Washington, D. C. 
October 26, 1925. 
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DIGESTS OF UNITED STATES PATENTS RELATING TO 
RADIO TELEGRAPHY AND TELEPHONY* 


IsSUED SEPTEMBER 1, 1925-OcToBER 27, 1925 
Ву 
JOHN B. BRADY 


(PATENT LAWYER, Ouray BurILpING, Wasuincton, D. С.) 


1,551,624—J. C. Schelleng, filed June 30, 1924, issued September 
1, 1925. Assigned to Western Electric Company, Incor- 
porated. 


NUMBER 1,551,624—Circuits for Wave 
Transmission 


CincuiTS FOR WAVE TRANSMISSION where an electron tube 
oscillator is coupled with an antenna ground system through a 
variometer. The variometer may be readily shifted for changing 
the frequency of the generated oscillations and automatically 
adjusting the coupling with the antenna system for controlling 
the production of oscillations. 


1,551,661—C. G. Hill, filed May 20, 1922, issued September 1, 
1925. 

VARIABLE CONDENSER where the plates are arranged in spiral 
formation in such manner that they may be varied in spaced 
relationship by rotative movement of a central shaft to vary the 
capacity of the condenser. 

* Received by the Editor, November 15, 1925. 
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1,551,845—E. L. Popper, filed November 9, 1923, issued Sep- 

tember 1, 1925. 

CRYSTAL DETECTOR in the form of а cup-shaped unit 
which may be secured to а panel with а sensitive crystal 
secured within the cup-shaped unit between two electrodes. 
The detector is fixed and is intended for permanent mounting in 
such manner that it will not vary in its adjustment. 


1,552,186— К. S. Alcox, filed July 29, 1923, issued September 1, 
1925. 

CONDENSER where the stator and rotor plates are formed of 
semi-circular concentric plates and moved to interleave with each 
other in an axial direction for varying the capacity of the con- 
denser. 


1,552,219—G. G. Mercer, filed April 23, 1920, issued September 
1, 1925. Assigned to General Electric Company. 


NuMBER 1,552,2109— Vacuum Tube Circuits 


VacuuM Tuse Circuits in which an electron current is con- 
trolled by means of a magnetic field. Тһе current which flows 
between а cathode and anode within an evacuated vessel also 
passes through а coil which surrounds the electrodes for produc- 
ing a constant magnetic field in the space between the electrodes. 
The variable component of the current in the control circuit is 
by-passed to the cathode and does not affect the constant polari- 
zarion supplied by the magnetic field. 


1,552,266, F. C. Bradley, filed February 19, 1925, issued Sep- 
tember 1, 1925. 

А Томімс UNIT For Каро RECEIVING SETS, including a con- 
denser with a pair of hingedly mounted inductance units which 
may be rotated by a cam which is controlled from the shaft which 
carries the rotatable condenser plate. Тһе cam varies the space 
relationship between the inductances in accordance with the 
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movement of the plates of the condenser, and in this way the 
capacity is varied in proportion to the change in the inductances. 


1,522,310—C. J. Kavko, filed July 24, 1923, issued September 1, 
1925. Assigned to General Electric Company. 


AN ELECTRODE FOR DIscHARGE TUBES which has an oper- 
ating temperature which is relatively low for a high electron 
emission. The electron emitting cathode consists largely of 
nickel containing intimately incorporated therewith a compound 
of a highly positive metal which is sufficiently refractory to be 
retained in the cathode at a temperature at which the electron 
emission is substantial. The cathode obtains a temperature of 
about 1,200 deg. cent. at 0.1 to 1.0 amperes per square centi- 
meter of surface. 


1,552.606—€G. Holst and E. Oosterhuis, filed November 4, 1921, 
issued September 8, 1925. Assigned to Naamlooze Ven- 
nootschap Philips’ Glohilampen-Farriken, Eindhoven, Neth- 
erlands. 

Ах ELECTRON DISCHARGE DEvicE, in which the tube is filled 
with a gas consisting exclusively of pure argon of a pressure not 
exceeding one-tenth mm. of mercury. The argon filling is found to 
have the advantage of low tension on the anode for a maximum 
strength of signals, and the fact that a grid leak is unnecessary 
between the grid electrode and the filament when using the gas- 
filled tube. 


1,552.670—€G. Belfils, filed August 29, 1921, issued September 8, 
1925. 


NUMBER 1,552,6070—A Radio 
Transmitting System 


A Rapio TRANSMITTING SysTEM, іп which а plurality. of 
alternators are used in connection with the same antenna system. 
The alternators may be parallel connected to a radiating system 
and synchronized for operation with respeet to each other. 


-9-— 
25% 


1,552,829—H. J. J. M. De R. De Bellescize, filed August 29, 
1921, issued September 8, 1925. 

Rapio REcEIVING SvsTEM for the reduction of atmospheric 
disturbances in the receiving apparatus. А damped receiving 
circuit is provided where a current-limiting device for receiving 
the output of the receiving circuit is employed. The current- 
limiting device comprises а highly damped resonator for eliminat- 
ing “grinders.” A highly resonant circuit for receiving the output 
of the current-limiting device is provided, and the received signal- 
ing energy then impressed upon a responsive device. 


Fig. § 
26 
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NuMBER 1,552,829— Radio Receiving System 
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1,552,882—F. C. Rowe, filed April 29, 1924, issued September 
8, 1925. 


TUNING Соп, AND CONDENSER MOUNTING FOR Каро RE- 
CEIVERS in which an inductance coil and variable condenser are 
operated on the same rotatable shaft. The connections for one 
of the windings of the inductance system are brought out to rings 
which contact with brushes which are positioned with respect to 
the rotatable coil in such manner as to make sweeping connection 
with contacts carried by the rotatable coil for completing con- 
nection with an electrical circuit. 


1,552,919—Gauthier, Crosby R., filed November 22, 1919, is- 
sued September 8, 1925. Assigned to Wired Radio, Inc., 

New York, New York. 

ELECTRICAL COMMUNICATION SYSTEM where broadcasting 
stations are operated in multiple and modulated over the same 
interconnecting line wire system. А plurality of broadcasting 
stations are linked by the same line wire system in this case 
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and modulated from the same broadcasting studio for simul- 
taneous transmission from the several stations. 


1,553,152—R. A. Fessenden, filed November 10, 1920, issued 
September 8, 1925. Assigned to Submarine Signal Company. 
METHOD AND APPARATUS FOR GENERATING ELECTRICAL Os- 
CILLATIONS utilizing two-electrode electron tubes by variation of 
electron emission of the tubes. A plurality of two-electrode elec- 
tron tubes are arranged in.the form of а Wheatstone bridge 
circuit and oscillatory variation of the electron emission secured 
by oscillatory surface heating of the surface of the hot cathodes. 


1,553,244—C. Е. Jacobs, filed July 10, 1923, issued September 
8, 1925. 


Ам ANTENNA SPREADER for an antenna where the wires are 
arranged in the form of a cage. Тһе spreader consists of a flat 
metallic ring having notches at its periphery in which the antenna 
wires fit and in which they are secured in spaced relationship 
forming the antenna cage. 


1,553,315—L. E. Gould, filed February 28, 1925, issued Septem- 
ber 15, 1925. 


Loop FoR RADIORECEPTION in which a circular supporting 
turn of relatively heavy wire is provided which surrounds a 
plurality of turns of finer wire which are supported in spaced 
relationship by insulated members secure upon the heavier turn. 
The loop is compact in construction and may be inexpensively 
manufactured on a quantity production basis. 


1,553,391—A. Nyman, filed July 15, 1920, issued September 15, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 


NUMBER 1,553,391— Combined Radio Sending and 
Receiving System 
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COMBINED RaDio SENDING AND RECEIVING SysTEM where the 
effect of the local transmitting energy is neautralized by an 
auxiliary neutralizing reactance device. Тһе antenna circuit is 
divided into two branches for connection to the transmitting and 
receiving apparatus, and undesired currents in the receiving 
branch are neutralized for preventing interference with the re- 
ceiving circuit. 


1,553,390—4A. Nyman, filed July 15, 1920, issued September 15, 
1925. Assigned to Westinghouse Electric and Manufactur- 
ing Company. 


NUMBER 1,553,390— Combined Radio Sending and 
Receiving System 


CoMBINED RADIO SENDING AND RECEIVING SYSTEM where the 
transmitting and receiving circuits are connected to the same 
antenna with the receiving apparatus connected at a selected 
point in the circuit at which there is a zero difference of potential 
arising from energy derived from the local transmitting station. 
By selecting а zero potential point interference from side tones 
is eliminated. 


1,553,549— W. Н. Priess, filed April 3, 1920, issued September 
15, 1925. Assigned to Wireless Specialty Apparatus Com- 
pany. 

CONDENSER which is housed within a relatively heavy casing 
with a pressure clamp at one side of the casing for subjecting the 
stack to pressure, while permitting variation in length of the 
stack for condensers of different capacities. 
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1,553,454— De Loss К. Martin, filed January 19, 1923, issued 
September 15, 1925. Assigned to American Telegraph and 
Telephone Company. 


NUMBER 1,553,454—Radio Repeating System 


Rapio REPEATING бүзтем in which the number of frequencies 
per channel is limited to two per channel of transmission .regard- 
less of the number of repeaters employed. А directly controlled 
receiving antenna system is arranged to receive from different 
directions waves havingthe same frequency or band of frequencies. 
А frequency translating circuit is provided having means to 
change the frequency of each of the received waves by the same 
amount. А directly controlled transmitting system is provided 
to transmit the waves of changed frequency in different pre- 
determined directions. 


1,553,625—J. Mills, filed December 24, 1920, issued September 
15, 1925. Assigned to Western Electric Company, Incor- 
porated. 


NUMBER 1,553,625—Duplex Radio System 
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DvPLEx Rapio System where side tone interference at the 
receiving station due to simultaneous reception of the locally 
transmitted energy with the desired signaling energy is eliminated 
by the generation of an auxiliary wave by the local transmitter 
which opposes current in the receiving circuit induced therein 
by the local transmitter. 


1,553,720— Cyril P. Ryan, filed February 27, 1924, issued Septem- 
ber 15, 1925. Assigned to Vickers Limited, Westminster, 
England. 


Блго SIGNALING AND CONTROL system where radio signals 
are emanated in regularly timed succession at a predetermined 
acoustic frequency together with the signaling impulses of other 
acoustic frequencies. А tuned receiving apparatus is arranged 
to respond only to the timed succession of signals for impressing 
said signals on & receiving apparatus which has an oscillation 
period corresponding to the timed succession of impulses for 
operating a recorder or other apparatus. 


1,553,971—S. D. Apostol, filed March 10, 1925, issued September 
15, 1925. 


CONDENSER in which a cylindrical roll carries a curved metallic 
plate on one side thereof which may be moved toward or away 
from a similarly curved stator plate which is substantially U- 
shaped for varying the capacity of the condenser. 


1,554,231—A. Press, Washington, D. C., filed February 18, 1921, 
issued September 22, 1925. 


HysrERETIC GENERATION OF ELECTROMAGNETIC WAVES in a 
coil antenna system is employed where the antenna is immersed 
in a mixture of oils. The oils are selected and adjusted to provide 
a solution having hysteretic and purely dielectric affecting 
qualities. 


1,554,232—A. Press, Washington, D. C., filed January 11, 1922, 
issued September 22, 1925. 

UNIQUELY RESONANT COIL comprising an open-ended helix 
with a shield extending substantially a one-half stationary wave 
length along the helix of the frequency of the electromotive force 
which is applied across the helix. The shield surrounds the helix 
along a selected portion thereof. The invention may be applied 
to wave coil systems in which standing waves are set up in an 
extended coil. 


792 


1,554,328—I. M. Brenner, New York, filed November 2, 1923, 
issued September 22, 1925. 


Rapio ANTENNA of the loop type in which the conducting 
wires forming the loop are carried upon a frame and taps taken 
from various points in the loop to a selector switch. The selector 
switch controls а number of effective turns in the loop which 
may be connected to the radio receiving system. 


1,558,436—I. Langmuir, Schenectady, New York, filed October 
16, 1913, renewed March 14, 1916, isued October 20, 1925. 
Asigned to General Electric Company. 


ELECTRICAL DISCHARGE APPARATUS AND PROCESS or PRE- 
PARING AND USING THE SAME in which the tube is evacuated 
to such a degree that no positive ionization occurs when the im- 
pressed voltage is as high as 60 volts and the current over a 
working range of voltage up to 60 volts varies with the 3/2 power 
of the impressed voltage. This is the Langmuir patent based on 
the application which was involved in interference with Arnold 
on the subject matter of the hard tube. 


1,554,598—P. J. Rudy, Centralia, Pennsylvania, filed March 
14, 1925, isued September 22, 1925. 


Rapio RECEIVER comprising a compact assembly of apparatus 
which is intended for portable use without the necessity of an 
antenna ground system. Тһе circuit includes a rectifier sustem, 
a tuning coil, battery, and telephone receivers, the coil itself 
serving as а pick-up area for the signaling energy. "The rectifier 
system consists of а plurality of steel, soft iron and lead balls 
making contact with each other. 


1,554,501—L. C. F. Horle, Newark, New Jersey, and N. Heyman, 
Buffalo, N. Y., filed November 5, 1924, issued September 
22, 1925. Assigned to Federal Telephone Manufacturing 
Corporation. 

SHOCK Ркооғімс MouNTING MEANS FOR VacuuM TUBES 
where the electron tubes are carried by a panel which is resiliently 
suspended on helical springs positioned between the stationary 
frame of the apparatus and the panel. 


1,554,640—V. T. Miller, Kansas City, Mo., filed March 10, 1923, 
issued September 22, 1925. 


CRYSTAL DETECTOR FOR Rapio RECEIVING SETS where the 
crystal is secured in a metallic mounting having a plurality of 
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parallel grooves across the face thereof. The parallel grooves or 
corrugations have their ends overlapping the edges of the crystal, 
thereby firmly securing the crystal in the holder. 


1,554,713—R. C. Clinker, Inwoods Rugby, England, filed July 
10, 1920, issued September 22, 1925. Assigned to General 
Electric Company. 


ELECTRICAL APPARATUS having a rotatable shaft which may 
be driven through coarse and fine adjustments by moving the 
control element of the shaft longitudinally with respect to the 
elements driven by the shaft, so that vernier or micrometer ad- 
justment may be made in the apparatus unit driven by the 
shaft. The patent shows the invention as applied to a variable 
condenser. | 


1,554,720—C. V. Ferguson, Schenectady, New York, filed De- 
cember 3, 1918, issued September 22, 1925. Assigned to 
General Electric Company. 


Ешесткіс Arcu Device, in which a thermionic discharge 
tube is provided with an anode consisting of an alloy of alkali 
metal which is vaporized during the discharge. The alkali vapor 
permits the operation of an arc-like discharge therein with a 
voltage of the order of one volt for current of about one 
ampere. 


1,554,795—L. De Forest, New York. Filed May 10, 1915, issued 
September 22, 1925. Assigned to De Forest Radio Telephone 
and Telegraph Company. 


Rapro SIGNALING SYSTEM, where an electron tube is em- 
ployed for controlling the output of an arc transmitter. The 
electron tube has its output circuit connected in shunt with the 
antenna system and is used as a modulating device for the output 
of the arc. 


1,555,251—W. Н. Priess, Belmont, Massachusetts. Filed June 
3, 1921, issued September 30, 1925. Assigned to Wire- 
less Specialty Apparatus Company. 


ELECTRICAL CONDENSER design for use in pack sets for the 
Government where the stack is arranged laterally of a casing and 
placed under pressure by clamps positioned on opposite sides of 
the casing. 
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1,555,252—W. H. Priess, Belmont, Massachusetts, filed June 7, 
1921, issued September 30, 1925. Assigned to Wireless 
Specialty Apparatus Company. 


ELECTRICAL CONDENSER for high-potential operation where 
the plates are built up in stacked formation where a stiff plate 
is interposed in the stack between the ends thereof and a clamp 
external to the stack for engaging the plate to brace the plate and 


the stack. The clamp may also be used to compress the stack 
from end to end. 


1,555,253—W. H. Priess, Belmont, Massachusetts, filed January 
6, 1922, issued September 30, 1925. Assigned to Wireless 
Specialty Apparatus Company. 
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NUMBER 1,553,253— Variable 
Electrical Condenser 

VARIABLE ELECTRICAL CONDENSER, where а body of mercury 
is enclosed within a rotatable reservoir which contains conduc- 
tive side plates on opposite sides thereof. The reservoir may be 
moved to different positions to displace the mercury from the 
reservoir for providing different overlapping relationships be- 
tween the mercury and the side plates for varying the capacity 
of the condenser. 


1,555,254—J. А. Proctor, Lexington, Massachusetts. Filed 
September 4, 1920, issued September 29, 1925. Assigned to 
Wireless Specialty Apparatus Company. 
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NUMBER 1,555,254— Electrical Tuning Apparatus 


ELEcTRICAL TuNING APPARATUS comprising a plurality of sep- 
arate tuning elements which are connected by a common adjuster 
and the several elements simultaneously controlled from a single 
hand actuator. Suitable primary adjustments may be made in 
each of the tuning elements so that simultaneous effect of all of 
the tuning elements will be to efficiently control associated elec- 
trical circuits. 


1,555,345—J. A. Willoughby, Washington, D. C., filed June 26, 
1919, issued September 30, 1925. 


NUMBER 1,555,345—Loop 
Antenna 
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LooP ANTENNA for polarized wave transmission. А plurality 
of oscillatory loops are provided with substantially closed metallic 
circuits. А transmitter is arranged to excite the loops in opposi- 
tion to each other. The loops are spaced substantially parallel 
and produce by such opposition a field of magnetic disturbance 
which emanates in а controllable direction. 


1,555,633—L. Burch, Belleville, New Jersey. and M. K. Park- 
hurst, New York City, filed December 9, 1922, issued Sep- 
tember 29, 1925. 
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NuMBER 1,555,633—Secret Signaling System 


SECRET SIGNALING SYSTEM, in which the frequency of the 
transmitting station is varied over а range synchronously with 
the variation in frequency of the receiving station. А gyroscope 
is provided at each terminal and arranged to drive a switch which 
varies the frequency of the transmitting апа receiving circuits 
simultaneously for maintaining the circuits in synchronism. 
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1,555.634— S. Cohen, Brooklyn, New York filed November 8, 
1924, issued September 29, 1925. Assigned to General 
Instrument Corporation. 

VARIABLE CONDENSER, іп which a set of stator plates аге 
mounted in spaced relation within a condenser frame and secured 
therein by insulators positioned between the frame and the stator 
plates. The patent illustrates the use of pedestal insulators for 
supporting the stator plates within the condenser frame with the 
rotor plates carried by a shaft which is journaled in the frame in 
such manner that the rotor plates may be inter-leaved with the 
stator plates. The condenser is designed to have minimum 
dielectric losses. 


1,555,677 —C. L. А. M. LeBlanc, Paris, France, filed March 22, 
1921, issued September 29, 1925. Assigned to Societe 
Anonyme pour L'Exploitation des Procedes Maurice- 
Vickers, Paris. 

ELECTRON Тсвев for high-power operation where the cathode 
is in the form of a hollow cylinder and is heated by radiation from 
a resistance disposed in the interior of the cylinder and raised to 
incandescence. Тһе grid and anode are also іп the form of 
cylinders co-axial with the cathode. Тһе cathode is heated by 
thermo-radiation. 


1,555,757--С. Respondek, Berlin, Germany, filed November 30, 
1925, issued September 29, 1925. Assigned to General 
Electric Company. 
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NUMBER 1,555,757—Connection for Vacuum Tubes 
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CONNECTION FOR VACUUM TUBES, where a spare tube may 
be autcmatically replaced for a tube which has been burned out 
in the course of normal operation. A Wheatstone bridge circuit 
is provided where one arm of the Wheatstone bridge is formed by 
the cathode of the electron tube. When the cathode is de- 
stroyed, the bridge is unbalanced, and a relay is operated for 
connecting the spare tube in the circuit. 


1,556,122—A. B. Moulton, New York, filed November 1, 1922, 
issued October 6, 1925. Assigned to Radio Corporation 
of America. 
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NuMBER 1,556,122— Radio Receiving System 


Rapio RECEIVING SYSTEM, using a Beverage antenna system 
extending in the general direction of transmission. Тһе antenna 
system comprises two parallel conductors with a damping circuit 
connected across & pair of adjoining ends comprising an induc- 
tance and а resistance in parallel with a capacity and an induc- 
tance in series with the resistance. Тһе circuit is intended for 
uni-directional reception and for the elimination of interfering 
signals and atmospheric disturbances. Тһе receiving system is 
connected to the line wire system at the end opposite the connec- 
tion of the impedance circuit to the line conductors. 


1,556,129—H. J. Round, London, England, filed July 9, 1921, 
issued October 6, 1925. Assigned to Radio Corporation of 
America. 
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NuMBER 1.556,129—Reception of Radio Signals 


R&cEPTION OF Rapio SIGNALS by a circuit arrangement de- 
signed to be substantially free of atmospheric disturbances. A 
heterodyne is provided at the receiving circuit to produce beat 
tones, the currents of which are passed through resonance cir- 
cuits where undesired disturbances are damped, while the de- 
sired signal is carried forward through a system of electron tubes 
for operating a recorder. 


1,556,130—O. Schriever, Berlin, Germany, filed December 27, 
1922, issued October 6, 1925. Assigned to Gesellschaft fir 
Drahtlose Telegraphic. 


CIRCUIT ARRANGEMENTS FOR RaDIO SIGNALING, where trans- 
mitting stations are operated at close proximity to each other. 
A coupling is provided for neutralizing undesired reactive effects 
between separate transmitting stations which are operated simul- 
taneously. 


1,556,137—R. A. Weagant, Douglas Manor, New York, filed 
February 7, 1919, issued October 6, 1925. Assigned to 
Radio Corporation of America. 
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NuMBER 1,556,137—Method and Apparatus for 
Radio Signaling 
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METHOD AND APPARATUS FOR RaDIO SIGNALING, whereby 
static interference may be reduced to а minimum. Two pick- 
up circuits are provided one of which efficiently receives hori- 
zontally propagated signal waves, while the other efficiently 
receives static impulses as currents substantially in opposite 
phase to the signaling currents. By this arrangement the static 
is balanced out while retaining the signal currents. 


1,556,435--А. S. Gorayeb, New York, filed September 15, 1923, 
issued October 6, 1925. 


PORTABLE ANTENNA, which consists of a casing which may 
be fitted in the ordinary window sill with ап antenna wire carried 
by а roll within the casing. The antenna wire may be released 
to extend downwardly from the window frame when the receiving 
set is placed in operation. 


1,556,725—D. H. Shallcross, Claredon, Virginia, filed January 
31, 1922, issued October 13, 1925. 


SUPPORT FOR Rapio ANTENNAS of the loop type for direction 
finder work. The support is in the form of a collapsible coil frame 
having a plurality of members hingedly connected together. In 
open position the support carries all of the turns of the loop, 
while in closed position the support may be readily transported 


from place to place. 
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Design. 68,493—M. С. Rypinski, filed August 6, 1925, issued 
October 13, 1922. Assigned to Brandes Laboratories, Incor- 
porated, of Newark, New Jersey. 


Пк-ісх 68,493— Radio Reproducer 


Rapio REpRODUCER—This patent covers the Brandes cone 
speaker where an elliptical cone of relatively small size is housed 
within an ornamental cabinet, shaped to conform with the gen- 
eral contour of the diaphragm. 


1,556,633—8. Ruben, New York City, filed September 13, 1924, 
issued October 13, 1925. 

ELECTRICAL CONTROL METHOD for trains and other moving 
vehicles, where transmitting and receiving apparatus are located 
upon separate trains which may be approaching each other on the 
same track. Тһе transmitting apparatus may electrostatically 
transfer its energy to an overhead line system from the moving 
train, which energy 1s in turn transferred again to the other mov- 
ing train for aetuating the receiving apparatus on said train for 
controlling brakes or other signal when the signal strength has 
reached a proper degree by reason of the close approach of the 
trains. 

1,556,740 — К. B. Woolverton, Washington, D. C., filed 
(original) July 25, 1921. Divisional, December 10, 1923. 
Issued October 13, 1925. 

TRANSMISSION OF RADIO SIGNALS EMPLOYING UNDAMPED 
Waves developed by an are generator, where a tuned oscillatory 
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circuit is shunted around the arc and an antenna circuit induc- 
tively coupled with the tuned oscillatory circuit. А variable 
inductance is connected in series in the antenna circuit. А 
solenoid is arranged іп а keying circuit and connected so that the 
inductance of the variable inductance device may be varied for 
destroying the resonance between the oscillatory and antenna 
circuits for forming signals in the antenna circuit. 


1,556,750—L. B. Bender, Washington, D. C., filed August 29, 
1923, issued October 13, 1925. 

ELECTRICAL SIGNALING in which the dots and dashes of the 

Morse code are transmitted and received at different frequencies 


and combined to actuate а siphon recorder for recording the re- 
ceived signals on a tape. - 


1,557,049—J. Н. Hammond, Jr., Gloucester, Massachusetts, 
filed May 10, 1918, issued October 13, 1925. 

ELECTRICAL ANTENNA for ship use, and particularly sub- 
marines, where the antenna is carried in an elongated buoy tube 
arranged to float on the surface of the water and trail the ship. 
The antenna wire is carried within the tube and connections es- 
tablished with the apparatus aboard the moving vessel. 


1,557,067—L. Kuhn, Berlin-Charlottenburg, Germany, filed Au- 
gust 26, 1921, issued October 13, 1925. Assigned to West- 
inghouse Electric and Manufacturing Company. 


NUMBER 1,557,067— Combined Transmit- 
ting and Receiving Arrangement 


CoMBINED TRANSMITTING AND RECEIVING ARRANGEMENT 
where an electron tube is arranged to function both as an oscil- 
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lator and a detector and is coupled to an antenna system. Switch- 
ing means are provided whereby the same tube circuits may be 
employed for reception or transmission. 


1,557,316—George H. Nobbs, Watertown, Massachusetts, filed 
December 16, 1924, issued October 13, 1925. 


VARIABLE CONDENSER, in which a selected number of stator 
plates may be secured in an electrical circuit in which the соп- 
denser is connected. Тһе condenser is of the rotatable plate 
variety and & switch is mounted adjacent the stator plates 
for establishing peripheral contact with selected plates in or- 
der to include a desired number of plates in the circuit. 


1,557,389—E. N. Todd, Crisfield, Maryland, filed March 16, 
1925, issued October 13, 1925. 


MEANS FOR ASCERTAINING ELEVATIONS OF AIRCRAFTS com- 
prising a radio transmitting unit which may be dropped from an 
aircraft and the circuits thereof automatically completed by 
impact of the apparatus with ground. The aviator may pick up 
the signals which are radiated from the transmitting apparatus 
which he has released and by suitable calculation determine his 
distance above the earth. 


1,557,529—E. T. Jones, filed December 3, 1921, issued September 
15, 1925. 


NUMBER 1,557,529—Electrical Reproducer 
for Phonographs 


ELECTRICAL REPRODUCER FOR PHONOGRAPHS where a dia- 
phragm is actuated to vary the magnetic reluctance of a telephone 
circuit for generating electrical energy in a pair of associated 
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windings. The energy is amplified and reproduced in accordance 
with the vibrations of the diaphragm. 


1,557,724—W. H. Priess, Belmont, Massachusetts, filed August 
2, 1921, issued October 20, 1925. Assigned to Wireless 
Specialty Apparatus Company. 


MACHINE AND METHOD FOR BUILDING ELECTRICAL CoN- 
DENSER STACKS by building up alternately a dielectric sheet and 
a metallic foil sheet and flattening the foil in place on the di- 
electric sheet by applying a gas under pressure to the said foil. 
The fixed condensers may be manufactured inexpensively on a 
quantity production basis. 


1,557,725—J. A. Proctor, Lexington, Massachusetts, filed Feb- 
ruary 1, 1921. Assigned to Wireless Specialty Apparatus 
Company. | 
VARIABLE ELECTRICAL CONDENSER where the condenser is 
housed іп а vacuum container, and the moving condenser plates 
rotated in varying degrees by means of a magnet which is moved 
exterior of the casing which houses the condenser. 


1,558,043—W. H. Priess, Belmont, Massachusetts, filed April 
28, 1921, issued October 20, 1925. Assigned to Wireless 
Specialty Apparatus Company. 


ELECTRICAL CONDENSER for high-power operation in which 
concentric metallic armatures are insulated one from another and 
embedded in sulphur which provides high insulation resistance 
with low dielectric loss. 


1,558,111—H. E. Metcalf, San Leandro, California, filed March 
23, 1925, issued October 20, 1925. Assigned to The Mag- 
navox Company. 


VacuuM Тове in which the grid electrode is formed from a 
flat plate having a plurality of arms on each edge thereof. Тһе 
arms are bent in relatively opposite directions to form a trough 
along each edge of the plate member between the arms, in which 
trough the filament electrode is stretched. "This construction of 
tube if desirable from the viewpoint of manufacture and assembly 
бог the filament is not centered betwen the electrodes. 


1,558,120—F. G. Simpson, Seattle, Washington, filed April 3, 
1921, issued October 20, 1925. 
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LAM 
NUMBER 1,558,120—Radio Receiving System 


Нар RECEIVING SysTEM, іп which an alternating current 
generator consisting of an electron tube system is provided at the 
receiver and a magnetic field established transverse to the elec- 
tron stream for varying the velocity of the electron stream in 
accordance. with incoming signaling energy for correspondingly 
varying the frequency of the alternating current generator and 
operating a suitable observing circuit. 


1,558,144—H. Chireix, Paris, France, filed August 29, 1921, 
issued October 20, 1925. 

ELECTRIC RELAY, comprising an oscillation generator having 
two oscillating circuits connected thereto and tuned to different 
frequencies. Тһе generator may be caused to oscillate at either 
of the frequencies separately. The relay may be used in various 
circuit arrangements. 


1.558,437—I. Langmuir, Schenectady, New York, filed October 
29, 1913, renewed February 29, 1924, issued October 20, 
1924. Assigned to General Electric Company. 


NUMBER 1,558,437 —Electrical 
Discharge Apparatus 
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ELECTRICAL DISCHARGE APPARATUS іп which an auxiliary 
conductor is provided within a three-electrode electron tube 
adjacent to the cathode and maintained at & substantially uni- 
form positive potential with respect to the cathode. Ву this 
arrangement the effect of space charge in an electron discharge 
device is reduced, the effect of negatively charged bodies in the 
proximity of the cathode is eliminated, the discharge current 
with а given applied voltage is increased and electrons having 
а relatively uniform velocity are developed. 


1,558,535— P. D. Delany, South Orange, New Jerssy, filed Feb- 
ruary 1, 1922, issued October 27, 1925. Assigned to Inter- 
national Telepost Company, Incorporated. 


SECRET RADIO SYSTEM, in which fragmentary parts of the sig- 
naling energy which make up telegraphic characters or vocal or 
instrumental sounds are transmitted at separate frequencies and 
pieced together at the receiver on a visual recorder for combin- 
ing the fragmentary parts into an intelligible signal. 


1,558,830—W m. К. Brough, East Orange, New Jersey, filed May 
13, 1922, issued October 27, 1925. Assigned to Western 
Electric Company, Incorporated. 


ELECTRON DiIscHARGE Device of high power size, where the 
plate electrodes are cooled by means of a water jacket which is 
secured by means of a screw collar around the exterior of the tube. 


1,558,883—Wm. G. Housekeeper, New York, New York, filed 
April 20, 1921, issued October 27, 1925. Assigned to Western 
Electric Company, Incorporated. 


A VACUUM TUBE, in which the electrodes are constructed and 
supported away from the center of the electron tube. A support 
for the tube electrodes is provided where the electrodes are sub- 
stantially removed from the center of the tube and supported 
more nearly adjacent the cylindrical sides of the vessel which 
houses the tube electrodes. 


1,558,961— Wm. R. Bullimore, London, England, filed November 
24, 1924, issued October 27, 1925. 


MANUFACTURE OF FILAMENT OR CATHODES FOR ELECTRIC 
Lamps, THERMIONIC TUBES AND THE LIKE, in which a core of 
relatively high specific resistance and melting point is coated with 
a noble metal and an active coating of one or more compounds of 
the alkaline earth metals. 
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1,559,116—W. A. Marrison, East Orange, New Jersey, filed 
October 16, 1924, issued October 27, 1925. Assigned to 
Western Electric Company, Incorporated. 


WAVE GENERATING AND MODULATING SYSTEM EMPLOYING 
QUARTZ Piezo ELECTRIC CRysTAL Circuits in which a plurality 
of frequencies are generated by piezo electric crystals which fre- 
quencies react to produce an audio frequency current under 
control of the piezo electric crystals. 


1,559,193—Maurice W. Stavrum, Robert L. Olson and Wallace 
H. Berry, Chicago, Illinois, filed August 25, 1924, issued Oc- 
tober 27, 1925. 


Fo.LpING Loop ANTENNA, іп which the frame members of the 
loop are pivotally mounted on a central clock with slotted end 
supports at the extremities of the frame members for spacing the 
turns of the loop with respect to each other. The loop frame 
may be folded into a small compass. 


1,559,280—V. L. Ronci, Brooklyn, New York, filed March 23. 
1923, issued October 27, 1925. Assigned to Western Elec- 
tric Company. 

ELECTRON DISCHARGE DEVICE in which the electrodes are 
supported on threaded metallic members which extend through 
apertures in a flat insulated disk. The electrodes are secured 
upon the threaded members by means of wires which are formed 
into a helix and threaded upon the screw threaded members. 


1,559,404— Paul Bunet, Paris, France, filed April 14, 1921, issued 
October 27, 1925. 

Нісн TENsioN ELECTRICAL CONDENSER in which tubular rod 
members are provided as the condenser electrodes. "The rods 
making up each side of the condenser are positioned in the form 
of rings permanently electrically connected together so as to 
prevent sparking between parts. The distance between successive 
rods gradually increases throughout the area of the condenser. 


1,559,460—S. Ruben, New York, New York, filed June 30, 
1920, issued October 27, 1925. 

ELECTRON TUBE in which a pair of anodes are provided with 
one of said anodes having an opening therethrough for the passage 
of electrons from an electron source within the tube. The electron 
stream is controlled by an external control member which is ar- 
ranged adjacent the anodes. The tube is intended for high-power 
transmission. 
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RADIO CONDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 200 standard FARADON con- 


. densers on which immediate deliveries can be made. 
Complete new catalog will be sent on request. 


Wireless Specialty Apparatus Company 
BOSTON, MASS. 
Established 1907 
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One Voltmeter to Test 
ALL Radio Batteries —- 


The Roller-Smith Radio PV 
Voltmeter is a real instrument 
with two ranges, О-10 and 
O-50 volts, and can be used to 
test all A, B and C batteries. 
It is handsome, well made, 
accurate and, above all, re- 
liable. Know what your vol- 

tages are. Don't guess. Buy 
a Roller-Smith Radio PV = 
Voltmeter. Retail Price, $5. = 


Send for Bulletin No. K-40. It gives full details. 


OLLER- ыт СОМЫ 


Electrical Measuring and Protective Apparatus | 
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ЇЇШЇЇЇШЦИШШШШШ ННІ 


MAIN OFFICE: WORKS: 
2134 Woolworth Bldg.. NEW YORK Bethlehem, Pennsylvania 


Offices in Principal Cities in U. S. and Canada 


Also in Havana, Cuba 
EMARKABLE ace 


I U RG E 5% the adventures of 

Eurgess Radio Batteries. 
RAD IO BAT TERIES And where there’s danger 
—upon, above, or below 
the earth, sky and sea, 
will be found Burgess 


Eatteries—laboratory 
products. 


“ASK ANY RADIO ENGINEER” 


Write to 207 Burgess Engineer- 
ing Building, Madison, Wis- 
consin, for the Burgess Radio 
Compass, It is amusing, un- 
usual and useful. 


BURGESS BATTERY COMPANY 


Engineers DRY BATTERIES Manufacturers 
FLASHLIGHT - RADIO - IGNITION - TELEPHONE 


General Sales Office; Har ris Trust Bldg. » Chicago 
Laboratories and Works: Madison, Wi isconsin 


In Canada: Mans Falls and Winnipeg 
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Constant Impedance 


AupiBiLITY METER 


Type 164 


AUDIBILIT Y 
METER 


Price, $36 


The ear alone cannot be depended upon to esti- 
mate the intensity of received signal strength. Some 
auxiliary standard of reference must be used. 


One of the more common methods is to shunt the 
telephone receivers. As the receivers are shunted, 
however, a series resistance of such a value should 
be added to the circuit that the impedance will re- 
main unchanged. 


The Type 164 Audibility Meter is so designed that 
it is direct reading in audibilities, and keeps the total 
impedance of the circuit practically constant. 


Do not guess at your receiving results. Know the 
| real facts. 
Send for Bulletin R 


GENERAL RADIO CO. 


Manufacturers of 
Radio and Electrical Laboratory 
Apparatus 


Massachusetts Avenue and Windsor St. 


CAMBRIDGE 39 MASSACHUSETTS 
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telis the story 


High amplification over entire band of sound frequencies. 
Undistorted reproduction at all frequencies, with no one 
high peak of amplification at any point of the band. 
Brass grounded case, with satin nickle finish. Ratio 
3% to 1.; Location of binding posts permit short leads. 


The better class dealers carry Pacent Radio Essentials.. 
Send for complete catalog. 


PACENT ELECTRIC COMPANY, Inc. 
91 Seventh Avenue, New York City 


Washington Minneapolis Boston San Francisco 
nico Birmingham Philadelphia St. Louis 
uffalo Jacksonville t 


for use on а 110-volt 
D.C. line. Equipped 
with the famous Ward 
Leonard Vitrohm 
" (Vitreous enamelled) 
Resistor Units. Litera- 
ture on request. 


RADIO 
BATTERY 
CHARGER 
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TRADE MARK 
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All Grebe apparatus is covered — Rd 
by patents granted and pending 


HE high degree of selectivity 
and over-all efficiency at- 
tained in the design of the Grebe 
Synchrophase is rivalled only by 
its rare craftsmanship and tho- 
rough ease of dependable operation. 


Write for literature 


SOIN) 


TRADE MARK 


REG.US.PAT.OFF. 


A. Н. GREBE & CO., Ix. 


Van Wyck Blvd., Richmond Hill, N.Y. 


Western Branch: 443 So. San Pedro St., Los Angeles, Cal. 
This Company owns and operates Station WAHG 


MA 


Vacuum Thermo Couple Type 


Precision Instruments 


М OPEL 412 Vacuum Thermo Couple pre- 
cision instruments are made as milliam- 
meters, ammeters and voltmeters, They are 
especially useful in the measuremnt of current 
or voltages at audio frequency, such as in de- 
termining the impedence of telephone receiv- 
ers, etc.; and for the measurement of current or 
voltages of irregular wave form, as, for ex- 
ample, the currents from spark coils. 

For use on either A.C. or D.C., the voltme- 
ters are accurate on frequencies up to and in- 
cluding 3000 cycles. Voltmeters with a range 
of one volt have a sensitivity of 125 ohms per 
volt. For ranges of 5 volts or other, these 
voltmeters can be made with a sensitivity as 
high as 500 ohms per volt. They can also be 
made as millivoltmeters with ranges as low as 
300 millivolts. 

Milliammeters and ammeters are made in 
ranges from 2 milliamperes and up and are 
accurate on all frequencies including the high 
frequencies met with in Radio work. 


Weston Electrical Instrument Corp. 


73 Weston Ave. Newark, N. J. 
Branch Offices in All Principal Cities 


STANDARD- The World Over 


AmerTran Accomplishment 


For the manufacturer who conscientiously 
strives to improve his receiver—AmerTran pre- 
sents a sure way to build into his job—the ut- 
most in volume, clarity and tone quality. 

AmerTran is an electrical accomplishment and the 


greatest appreciation of this product is shown by radio 


men who know—and care. AmerTran is available in two 


types, AF6 (Ratio 5)—AF7 
(Ratio 34). 
Use them by the Pair 


AMERICAN 
TRANSFORMER CO. 


NEWARK, N. J.. 


"Transformer builders for over 
twenty-three years’ 


AMERIRAN 
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AMAcwavox Radio 


A significant achievement іп the 
evolution of radio broadcast reception 


HE tuned radio frequency circuit perfected by 
Magnavox engineers embodies many features 
of unusual interest to the student of radio. 


The extreme simplicity secured by the Magnavox 
single dia! control is more spectacular, but probably 
no more important than the truly superb tone and 
reserve volume characteristic of the Magnavox Set. 
TRE-5—(As illustrated) is а 5-tube circuit encased in carved 
mahogany cabinet of convenient size and arrangement. Price, 
including Magnavox М4 Reproducer................ $125 
TRE-50—Identical as to circuit and panel, but the cabinet is 
of larger size with built-in Reproducer............... $150 
R3— The electro-dynamic Reproducer employing a movable 
coil capable of responding faithfully to every incoming wave 
ГОЙ. МОЛА Volume СОКО s ous vada ss ваа бад wows $35 


Examine апу of these products at 
nearest Registered Magnavox Dealer 


THE MAGNAVOX COMPANY 


Oakland, Calif. 


New York: Chicago: 
350 W. 31st Street 162 N. State Street 
Canadian Distributors: Perkins Electric Ltd., Montrea| 
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Radiotron 
WD-11.— 
The ideal 
dr y-cell 
tube. 


Get a good 


detector 


Radiotrons WD-11 and What will Radiotrons WD-11 or WD-12 do as de- 
WD-12 are Не зате tectors? First—they are sensitive to weak signals 
ci Dut with diferent —superlatively sensitive, as remarkable distance 

i rformances show in thousands of one-tube sets. 


Radiotron WD-12 has а Second, they are good *'oscillators"—and that is 


Radiotron WD-12.— 
The standard base 
dry cell tube. 


standard navy-type important in regenerative circuits. And third, 
base. а to change they are quiet in operation—add no electrical 
а брам noises to the music, or speech.  Radiotrons 
pam today. d WD-11 and WD-12 are famous as audio and radio 

frequency amplifiers—too—and have made pos- 


sible the hundreds of thousands of dry battery 
receivers that are in use today. They mean 


clear, true reception—over big distances—with 
dry batteries! Be sure to get a genuine Radiotron. 


Radio Corporatioh of America 


This symbol of Sales Offices: Suite No. 231 
quality is your 233 Broadway, New York 28 St., San Francisco, Cal. 
protection 10 So. La Salle St., Chicago, ПІ. 


Radiotron 
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*LOW-LOSS" 


Radio Engineers are seeking the best means of 
designing condensers, transformers, couplers, jacks 
and other essential equipment having the least pos- 
sible leaks and losses. This is a development 
which was bound to follow the competitive demand 
for efficiency in operating results. It has merely 
served to bring out the great desirability of Jow- 
loss insulation. 


Many otherwise well-informed persons have been 
accustomed to consider all insulation materials as 
total insulators. The fact that they are not has 
been repeatdly shown in comparative tests. The 
ideal insulation is that material which comes clos- 
est to perfection. Nothing less than that is good 
enough. 


There is ample evidence which proves the out- 
standing value of RADION in comparison with 
other available materials. Eminent disinterested 
authorities have published comparative figures 
which demonstrate this fact convincingly. 


The list of manufacturers who have’ cast aside 
other materials and adopted RADION is growing 
daily. These concerns sought results and found 


them. We invite others to lay their insulation 
Sabet i before us that we may serve them as 
well. 


Success in radio will go to those whose products 
survive the intense weeding-out process of the 
testing laboratory. 


Why not come to insulation headquarters for 
RADION and gain the benefits that RADION 
protection can give? 


American Hard Rubber Co. 


11 Mercer Street New York 
Conway Bldg. Chicago 


RADION 


Panels, Dials, Knobs, Sockets 


ONE Instrument 
TAKES THE PLACE 


of THREE 


ctn Q Our introduction of a self- 
contained multiple switch on 
radio instruments saves the 


space and cost of extra instru- 

ments on radio set panels. 

Q Check your batteries, both 

“A and "B," from panel of 
Paen YOur set. Avoid annoyance of 
Pending run-down batteries. 


Double and Triple Range Instruments Ask vour Dealer for DL T 5-А 
for Receiving Set Panels 77: з 
ы РЕЯ Radio Instrument Catalog 


JEWELL ELECTRICAL INSTRUMENT CO. 
1650 Walnut Street -:- Chicago 
“25 Years Making Good Instruments" 


Pioneers in C. W. Radio 


As American pioneers іп C. W. Radio, "Federal" has | 
built all the hizh power C. W. stations of the U. S. Navy 
and the C. W. equipment for the air mail stations of the 

| U.S. Post Office Department. [ts C. W. communication 
| equipment and its ‘‘Kolster’’ radio compass are installed 
| on vessels of the Merchant Marine, U. S. Navy, and 
| U. S. Shipping Board. 


—- ——— 


Designers and Builders of 


“Kolster’’ C W Байыл Uni-Directional 
Radio Compass › ue ате E us Transmission and 
Decremeter ia T: Reception Systems 
FEDERAL TELEGRAPH COMPANY 
Cable Address: San Francisco, Calif. Factory: 
**Fedtelco”’ Palo Alto, 
San Francisco U. Si: A. California 
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Matched Tone 


rtant 


e 
hty impo 
To the engineer whose tests must 


is mig 


1S 


Matched Tone 
It gives him true tone with 


be accurate, 


vital. 


-no noise. 


no distortion- 


АП sound is 
harmonious and real—through a 


Brandes. 


Brandes 


ls are mellower. 


Faint signals are clearer--strong 
signa 


‘Radio 


The name to know in 
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MURDOCK 
NEUTRODYNE 


3100 


with 
built-in 
Loudspeaker 


HE Murdock Five Tube Neutzcd-ze is the out- 

standing 1925 model receiving set. You will be 
impressed by the beautiful tone quality and the rch 
cabinet design. There is space in the cabinet tor B 
battemes. and the oniy accessories necessary are bat- 
teres and tubes. А "Murdock' set is backed by our 
20 vears of successful experience in masing radio 
apparatus. 

WM. J. MURDOCK COMPANY 


1 596 Washington Ave., Chelsea. Mass. тко 
моторе Branch Offices: el ae: К 
аш а Y 


2 New York Washington Chicago 20 
Los Angeles San Francisco Seattle 


MURDOCK 
RADIO PRODUCTS 


Standard since 1904 
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Crosley Head Phones 
«Better— Cost Less 


$3.75 


Better -Costs Less 


Radio 


HINK of the boundless delight ot that dear old 
mother, confined to the house by the rigors of 
winter or the infirmities of age, when she listens 
in for the first time on a Crosley Radio. Imagine the 
joy of the kiddies, when they awaken you Christmas 
morning with the glad tidings that "Santa has brought 
us a Crosley Radio." Then decide to make this a veers 


Crosley Christmas. Medel 50, $14.50 
биз tube sad Credey Pheaes 12225 


There can be no gift with greater possibilities for 
continued happiness than a Crosley set. It carrie. 
Christmas along through the year, continually givinc 
new thrills and. happines*, and bringing pleasant 
thoughts of the giver. Crosley Two Tube Model 51, $18.50 


It is a delight to operate a Crosley. The immediate xr gru cesi даза 
response to the turn of the dials; the clearness of 
reception from far distant points; the real ease with 
which local stations may be tuned out; all help to 
rec aiey серо distinctive and exceptionally саса 
pleasurable. very low cost at which this reall Crosley . 9-90 
remarkable radio performance can be obtained A TAAA 
Crosley sets within the reach of all—the ideal Christ- 
mas gift. 


BEFORE YOU BUY—COMPARE 
YOUR CHOICE WILL BE A CROSLEY 
For Sale By Good Dealers Everywhere uc odere ras rn ga 


Crosley Regenerative Receivers are 
licensed under Armstrong U.S. Pal- 
ent 1,113,149 


Prices West of Rockies —111 10% 
Write for Complete Catalog 


Crosley Trirdyn Special, $75.00 


THE CROSLEY RADIO Pat ol Pon т 
CORPORATION 
Powel Crosley, Jr., President 
1261 Alfred Street 
Cincinnati, O. 


Crosley Owns and Opers'e: Broad- : 
8 Е Crosley Trird New ,5100.00 
casting Station WLW "әде and гый " irit 15 


1260 Alfred St 
Сіпсіплац. О. 
Mail me, free of 
charge. your catalog 
of Crosley recemers 


and parts 


Aha 


XIII 


PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


The J. G. White 


MONTAGUE FERRY Engineering Corporation 


Engineers— Constructors 
Builders of New York Radio Central 


_ Industrial, Steam Power and Gas 
Radio Apparatus Plants, Steam and Electric Rail- 
Design roads, Transmission Systems. 


43 Exchange Place New York 


38 So. Dearborn St., Chicago 


Electrical Testing 
Laboratories 


Electrical, Photometrical, 
Chemical and Mechanical 
Laboratories 


RADIO DEPARTMENT 


Your Card here will be seen 
by over 2,500 Institute of 
Radio Engineers members. 


Rate: Per single issue.... $ 5.00 


Rate: Per year ‘six issues) 25.00 


80th Street and East End Ave. 
New York, N. Y. 


SAFETY DEMANDS 


BRACH RADIO VACUUM PROTECTOR 
Built to Prolecl— Not to Meet a Price 


ұна |} The First Choice of Lead- 

| d—*. ing Engineers 
Fr ! Endorsed by National 
Board of Fire Underwriters 


L. S. BRACH МЕС. CO. NEWARK, №. J. 


Afel MAGNET WIRE & WINDINGS 


For Каро 


WRITE TODAY FOR PRICES AND SAMPLES 


DUDLO MANUFACTURING CORP., FORT WAYNE, IND. 


Pacific Coast Representative 
| A. S. Lindstrom, 111 New Montgomery St., San Francisco, Cal, 
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DV-3 
Fer dry batteries. Fila- 
ment petential 3 volts; 
consump - 
an am- 


Price $4.00. 


radio trouble 


b ds can't prevent static. 
You can't hold up your 
hand апа stop interference 
from surrounding sets. These 
things affect the reproduction 
of the finest set made. 

But you can see to it that 
your reception is not handi- 
capped by imperfect tubes. 
You can make sure your tubes 
detect and amplify without 
distorting the sound that 
comes to them or adding to 
that sound the common tube 
noises. 

De Forest Audion Tubes 
are the remedy for such radio 
and tube trouble. They re- 
produce exactly the richly soft 
beauty of the most delicate 
tones as well as the full vol- 
ume of the strongest. 


For storage batteries. A 
general purpose tube fer 
use with 6-volt battery. 
Filament potential 42 
volts: consumption 25/100 
of ап атреге. Ргісе 
54.00. 


you сап stop 


You have a right to expect 
De Forest Tubes to be all that 
good tubes should be. Lee De 
Forest, one of radio's greatest 
geniuses, invented and per- 
fected them. His first three- 
electrode vacuum tube was the 
forerunner of all present-day 
tubes. With his tube he made 
modern broadcasting possible. 

De Forest Tubes are econom- 
ical of battery current, are 
constructed to withstand sud- 
den current overloads, have 
standard bases, and can be 
used on all standard circuits. 
Try De Forest Tubes in your 
set and use them for experi- 
mental purposes. 


DE FOREST RADIO CO. 
Jersey City, N. J. 


DE FOREST TUBES 


REG.US PAT. OFF. 


CThe cMagic Lamp of Radio 


CL 
' Symbol of Quality" 


[od first opened the way to low-loss parts at 
LITE low prices. 


BOONTON BAKELITE З 


has always meant ' 
" 


GENUINE BAKELITE > 


had іп one way only. Specify genuine Bake!ite, molded by 
people who started the industry. Their experience—15 
years—cuts the cost of molds, saves waste of raw materials, 
and guarantees each piece for satisfactory service. 


NEW BOOKLET TELLS WHY—SEND FOR IT 


Boonrox RUELER Mere. Ca, 
Pioneers in Bakelite Moulding 
822 Fanny Road, Boonton, N. J. 
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The first Bakelite parts molded at Boonton іп 1909 
Low prices for parts of low-loss insulating material may be 


Digitized by Google 


BAKELITE 


Manufacturers know from expe- 
rience that radio parts must be con- 
structed with the best materials, if 
satisfactory service is to be ob- 
tained. That is why the Remler 
Radio Mfg. Co. of San Francisco 
uses Bakelite for tube sockets, va- 
riometers and many other parts. 
As an insulation, Bakelite is in a 
class by itself. It possesses high 
dielectric strength, is unaffected by 
atmospheric changes, and its prop- 
erties are not impaired with age. 


Insist on genuine Bakelite radio 
parts, and you can rest assured that 
your equipment is of the highest 
quality. 

Send for our Booklet 


Бет BAKELITE CORPORATION 


Ао, 247 Park Avenue - - New York, М. Y. 
Chicago Office: 636 West 22d Street 
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Radio Batteries 


—they last longer 


EVEREADY “В” BATTERY 
No, 766 
In the new metal case 


Thirty years of Dry Cell experience and a large 


research organization are back of EVEREADY 
Radio Batteries. 


There is an EVEREADY Battery for every 
radio need, 


Dry Cell “A” Batteries— 
Storage “A” Batteries— 


"B" Batteries for all sets—from the smallest 
portable to the largest permanent installation. 


“С” Batteries for improving quality of recep- 
tion and increasing "B" Battery life. 


Manufactured and Guaranteed by 


National Carbon Company, Inc. 


New York— San Francisco 
CANADIAN NATIONAL CARBON CO., Limited. Toronto, Ontario 
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Mica Coupling 
Condensers 


For Carrier Wave Communication 
Over Transmission Lines 


/ 


i 1 , 4 
2 „= , „> P. M 


Numerous methods for coupling tele- | 
phone Communication Systems to 
high tension power transmission lines 
have been attempted. Сопдепвег 
coupling has proven most desirable. 


Type 670 condenser is a standard 
unit for 22,000 volt transmission line. 
For higher power systems several of 
these units may be bolted together 
in series. 


V 
M 
ығ. 
"m 
———— 


For particulars address, 43 West 
Fourth Street, New York, stating ; 
transmission voltages, carrier Y 
wave voltage and capacity of con- 
denser required. 
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THE INSTITUTE OF RADIO ENGINEERS 
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Good Men to Кале 


The Tens of Thousands of Radio Dealers Who Sell and | 


Recommend 


Cunningham Radio Таран: 


They consider the ultimate satisfaction of their custom- 


ers of the utmost importance. 


They want your business not only to-day and | to-morrow, : 


but next month and next year. 


Your confidence is the foundation of their success. ' | з <i 


Since 1915—Standard for all sets wi; 
A type for every radio use ае ee ek 


C-11, C&CX-12, C&CX-301A, C-299, CX-299, C&CX. 300, 
CX-112, CX-220, CX-310, Rectifier Tubes CX-313, CX-316B - i 


In the Orange and Blue Carton 
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Branch: CHICAGO Branch: NEW YORK | Sy 


Home Office: 
182 Second Street, San Francisco 
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RADIO CONDENSERS 


Constant Capacity 

Extremely Low Losses 

Safety Gap Protection 

High Current Carrying Capacity 
Minimum Volume 
Moisture-Proof Construction 
Long Life 

Quick Deliveries 


These are some of the reasons why radio 


engineers specify FARADONS. 
There are over 200 standard FARADON con- 


densers on which immediate deliveries can be made. 
Complete new catalog will be sent on request. 


Wireless Specialty Apparatus Company 
|». BOSTON, MASS. 
Established 1907 
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ROLLER - SMITH VOLTMETER | 
ON MARINE RADIO SET 


Marine Radio Receiver designed by Mr. W. S. Lemmon, 
of Malone-Lemmon Products, Inc. 


This radio broadcast receiver is probably the first one de- 
signed especially for yacht and motor boat use. It is of 
waterproof construction and has self-contained batteries. 


А two-inch diameter ROLLER-SMITH double range volt- 
meter with a special two-way switch was selected by Mr. 
W. S. Lemmon for the convenience of the user in testing 


both А and B batteries. 
The long-established policy of the ROLLER-SMITH Com- 


pany of co-operating very closely with radio set manufac- 
turers 1s evidenced by the many thousands of instruments 
furnished by us for both broadcast and commercial radio 
receivers and transmitters. АП types and ranges are avail- 
able. Samples and full information on request. 

''Qver 30 years’ experience із behind every Roller-Smith product” 


OLLER-SMITH COMP: 


Electrical Measuring and Protective Apparatus 


MAIN OFFICE: WORKS: 
2134 Woolworth Bldg., NEW YORK Bethlehem, Pennsylvania 


Offices in principal cities in U. S. A. and Canada; also in Havana, Cuba 
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LABORATORY CONDENSER 


A high-grade laboratory condenser at a moderate price. 


Its features are low power factor, high capacity, and per- 
manence of calibration. 
Resistance at 1,000 cycles and 1,500 MMF 12 Ohms. 


Type246L 55 ММЕ min. 1,500 MMF max.....$28.00 
Type 246M 70 MMF nin. 3,000 MMF max..... 34.00 
Type 246P 72 MMF min. 5,000 MMF max..... 38.00 


(Fully described in Bulletin 109X) 


GENERAL RADIO CO. 


Manufacturers of 
Radio and Electrical Laboratory 
Apparatus 


Massachusetts Avenue and Windsor St. 


CAMBRIDGE 39 MASSACHUSETTS 


The New 


HE new De Luxe model 

| AmerTran audio trans- 
former possesses an unusu- 

ally straight line frequency 
characteristic extending the 
range below the lowest note now 


being broadcast. While the 


ы 
Е AMPLIFICATION 
RMER ONLY 


TRANSIT 


The AmerTran De Luxe is a trans- 
former of moderate size and weight, 
enclosed in a strong metal Case with 
mounting holes at both top and bot- 
tom so that it may be inverted, 
affording simplified connections. 
While the AmerTran De Luxe will 
improve any set, appreciation of its 
uniform amplifying qualities can best 
be realized when operated in соп- 
junction with straight line frequency 
loudspeakers, such as the best cone 
and disc types and with a tube in 
the last stage capable of handling 
the output It is for those who are 
satished only with the utmost in 


ORT 


iS AmerTran 
De Luxe 


AmerTran AF-6 and AF-7 have, 
for years, been considered the 
leaders in audio frequency am- 
plification, this new De Luxe 
AmerTran shows a gain of about 
three octaves below that pre- 
viously obtained. 


FREQUENCY SCALED IN OCTAVES ' 


quality that this transformer has 
been developed. 
The AmerTran De Luxe is made 


in two types, one for the first stage 
and one for the second stage, and 
plainly marked as such, The chief 
difference between these two types is 
that the first stage transformer has 
approximately 50% greater primary 
inductance than the second stage 
transformer, thus more nearly cor- 
responding to the operating impe- 
dances of the tubes out of which they 
work. For this reason it is advis- 
able to purchase and operate these 
transformers by the pair! 


Price, either tvpe, $10.00 at any authorized AmerTran Dealer 


AMERICAN TRANSFORMER COMPANY 
NEWARK, N. J. 


“Transformer builders for over twenty-four years’ 


, 


AmerTran Models АЕ-6 and AF-7 now reduced to $5 
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The high-wave reception range of 


the Grebe dial (B)—from 550 down Flexible Unit Control 
The low-wave range of the Grebe Я 
to 240 meters—equals the practical One dial operates 
tuning range of the usual receiver. two or all three; 
dial (A) provides additional recep- or dials may be 
tion down to 150 meters. adjusted separate- 
ly, at will. 
Grebe 
s n ‘‘Colortone’”’ м 
E 
onto Pincus Тһе Three Outstanding 
Coils 


Reg. U.S. Pat. Off. 


ow Wee e- Radio Advances of 1925 


tension Circuits 


[.55r year Grebe developed the fieldless Binocular Coils and 
S-L-F Condenser. This year even greater strides have been 
made in radio reception. 

With the Grebe “‘Colortone” the quality of sound can be kept 
absolutely true and clear and is always under the listener's control, 
independent of the loud speaker's influence. This tone control also 
makes it possible to reduce, to a great degree, disturbances due to 
static and to suppress considerably the high-pitch frequencies 
caused by heterodyne interference of one station with another. 

Тһе Low-Wave Extension Circuits have widened the reception 
range so that over 100 low-wave stations not reached by other re- 
ceivers can be tuned. 

Flexible Unit Control gives one, two or three-dial control. 


Both in range and quality of reception, the Grebe Synchrophase 


is far in advance. 
Write for literature 


A. H. Grebe & Co., Inc., 109 West 57th St., N. Y. 
Factory: Richmond Hill, N. Y. 
Western Branch: 443 So. San Pedro St., Los Angeles, Cal. 


This company 


he owns and operates 
| REB stations WAHG 
and WBOQ; also 
low-wave rebroad- 


, casting stations, 
YNCHROPHASE, 222,52 
д d marine 


TRADE MARK REG. 96 PAT. OFF. RMU. 


АП Grebe apparatus 
is covered by pat- 
ents granted and 


Much toil 
and great 
diligence 
have made 
the Syn- 
chrophase S nar 
worthy of |55009! rie 


first rank Е У —— У С 
іп radio | 


a A 
receivers. 
The Synchrophase is 
"m also supplied with base 
wir "qu Jor batteries, 


For Radio 
Production Work 


Weston hae developed special instruments to measure, with the utmost pre- 

dision and dependability, the minute and peculiar electrical forces encountered 

in thie field. Many of these problems involve the measurement of high 

frequency currents of very «mall values, and the Weston line of instruments 

for radio production and research, though only a few of them are here men- 
GALVANOMETER 


timed, will be found to thorougly cover all nezds. 
MEGOHM TESTER 
| 
Model 440 
A double pivoted col galvanomceter, 
usually scisitive; which is replacing 
the less convenient reflecting ty pe. 
bor ansulation testing, thermo- 
couple; pyromceter and braidge-work. 
MICROFARADMETER 
Model 372 
| or quil measurement of electro- 
Sab capacities хела in pro- 


Model 24 
1) С Switchboard Voltmeter with 
Special sale for direct measurement 
ob resistance For fast testing, m- 
spection of дікі leaks and for work 

educ tien amd inspection ot condensers 
or other apparatus which must be 
held within definite capacity tints, 


with ogb resistance apparatus. 


THERMO VOLTMETERS, MIL- 
LIVOLTMETERS, AMMETERS 
and MILLIAMMETERS 
Model 412 
Using an extremely small amount of 
current for ranges as low as wo mil- 
уон A hugh resistance instrument 
for DC, pulsating, or Alternating 

Current up to pooo cycles. 


OHMMETER 
Model 1 
Lo мачи resistance quiekls and 
асана Valuable dor headset, 
loudspeaker and other apparatus 


TENOR 


GRID LEAK TESTER 
Model 322 
А very high resistance voltmeter 
calibrated for gnd leak testing and 
the. measurenwnt ot high resis- 
tances. 


For specific technical information address 


WESTON ELECTRICAL INSTRUMENT CORP. 


73 Weston Avenue, Newark, N. J. 


STANDARD THE WORLD OVER 


WESTON 


Уопссеғх Since 1558 
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Brandes 


speakers 
are 


uil 
A 


HE entire output of any radio set 
can be put into the new Brandes 


Speakers. 


The special steel magnetic materials 
produce maximum unit efficiency. 
The adjustment prevents overloading. 
The magnetic leakage has been re- 


duced to a minimum. 


The special mounting, large diaphragm 
and magnetic system greatly increase 
the range of reproduction. 


You should hear these new speakers. 


Brandes 


Experts in radio acoustics 
since 1908 


No matter what 


set you buy,be 
sure the dealer 
por. in genuine 
adiotrons : 
UV-199 $2.50 
UX-199 $2.50 
UX-120 $2.50 
UV-201-A $2.50 
UX-201-A $2.50 
UV-200 $2.50 
UX-200 $2.50 
WD:-11 $2.50 
WD-12 $2.50 
WX.12 $2.50 
UX-112 $6.50 
UX-210 $9.00 
Rectrons: 
UX-213 $7.00 
UX-216-B $7.50 


A “UX or WX" 
tube is the same as 
the corresponding 
“UV” or "WD" 
tube, except in the 
design of the base. 


Radiotron 
UV-201-A, 


standard high 
vacuum tube for 
storage battery 
scts 


4. 


у every 


Christmas Radio Set 


use only genuine RCA Radiotrons 


EAD all the claims of all the makers 
of radio sets—and then remember 
this when you buy—that getting what 
is claimed for a set depends upon the 
quality of the vacuum tube put into it. 
You cannot get clearness—you cannot 
get distance—you cannot get volume— 
unless the tubes get it. That is why it is 
so important to look at the base of every 
tube, to be sure it is a genuine RCA 
Radiotron. 


JH areat gift 
for any fan — at 5259 


A radio fan will appreciate a "spare" Radio- 
tron, just as an autoist appreciates a spare tire. 
But the Radiotron—a genuine RCA Radiotron 
—costs only $2.50. If you note what make 
of set a man owns, any dealer can tell you 
which type of Radiotron he uses, and you can 
give i exactly what he would choose for 
imself. 


for owners of Super-Heterodynes 
— the new power tube 


Every owner of a Radiola Super-Heterodyne 
can bring his set right up-to-date with the 
latest improvement, if you give him the new 
dry battery power Radiotron UX-120, and the 
adapter, The adapter costs but $1.50. And 
this new tube means great volume with better 
tone than ever! | 


RADIO CORPORATION OF AMERICA 
CHICAGO NEWYORK SAN FRANCISCO 


RCA-Radiotron 


MADE 


BY THE MAKERS OF RADIOLAS 


УШ, 


RADION 
PANELS 


Are made in 18 
stock sizes іп 
black and ma- 
hoganite. Spe- 
cial sizes cut to 
order in quanti- 
ties for manu- 
facturers. 


RADION 
DIALS 
Are табе to 
match Radion 
Panels. All reg- 
шаг sizes апа 
types including 
knobs сап be 
supplied. 


RADION 
SOCKETS 


New designs to 
accommodateU X 
type of tube 
bases are now 
ready. Write for 
samples and quo- 
tations. 


The day of the trick hook-up is now safely past 
and duly recorded on the pages of radio history. 
New and revolutionary circuits may come, but one 
fact remains,—a definite movement for refinement 
in design and materials marks the present stage 
of radio manufacture. 


Keen competition is surely eliminating the manu- 
facturer who is neglecting this trend. 


Struggle for efficiency will require the best of en- 
gineering skill. No factor will be overlooked—least 
of all insulation. 


Perhaps that is why reliable manufacturers in 
greater numbers are adopting RADION for panels, 
dials, knobs and many special moulded parts, who 
formerly regarded ordinary insulating materials as 
good enough. 


It is a pleasure to serve those engineers who are ap- 
preciative of what RADION has already accom- 
plished for the stability of the radio industry. 


Because of extensive production facilities and long 
experience, we can serve many more. 


AMERICAN HARD RUBBER 
COMPANY 


11 Mercer Street Conway Bldg. 
NEW YORK CHICAGO 


The New RATHBUN 
Straight Line Frequency 


CONVERTER 


This new instrument is a real solution to the tuning prob- 
lem. It gives perfect, simplified control to coordinate the 
tone, volume and power factors in a receiver. 


The Rathbun Straight Line Frequency Converter is adapted 
for use on every set—without change of equipment—except 
the condenser dials. Each station is given a distinct reading 
at a uniform distance from the next. Tuning with flawless 
precision over 360% —one complete revolution of the dial— 
the Rathbun Straight Line Frequency Converter neither 
crowds or limits control. It is Straight Line Frequency tun- 
ing with ordinary capacity condensers. The elimination of 
gears and friction —the use of only two moving parts—a vari- 
able cam and a lever makes possible quick and easy set instal- 
lation without cutting condenser shafts or drilling panels. 


It is sold with the guarantee of reliability and satisfaction 
attached to all Rathbun Radio apparatus. 


Price $3.50 


Remember that we build the Rathbun Single Hole Mounting 
Condenser with genuine Bakelite ends. This year's models 
are enclosed with transparent pyralin dust bands which рге- 
serve their high efficiency for life. They are small, light, 
rugged, handsome —and reasonably priced. 


RATHBUN MANUFACTURING COMPANY, Inc. 


Jamestown, New York 


9 (RADIO APPARATUS N 


MICROVERN 


А Pacent Super Tuning Device 


AIR-LINE tuning becomes normal with the Microvern's 
practical ratio. Its mechanical design eliminates back- 
lash. Using any condenser . . . logging any station, an un- 
crowded record is made on the dial by name, wavelength and 


frequency. 
The unique features of this device will interest you. 


Cat. Nos. 150S, 150G (Silver or Gold finish). Price........... $2.00 


Pacent essentials are designed and built by radio experts for 
radio engineers. We will be pleased to mail you full particulars 
of our latest achievements. 


PACENT ELECTRIC COMPANY, INC. 
91 Seventh Avenue, New York City 


ша Dacent .. 


Sanfrancisco SADIO ESSENTIALS be 


Canadian Licensed Manufacturers: White Radio, Limited, Hamilton, Ont. 


Е Е DONT IMPROVISE — PACENTIZE' 3533 
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Philadelphia 


. Highest Quality 
mum Radio Products 


Whenever the Brach trade 
mark appears on an electrical 
protective device or any radio 
product, it may be depended 
upon—it is the best in its field. 


Radio engineers of highest 
standing accord Brach pro- 
ducts first place. They know 
better than anybody that 
everything coming from Brach 
laboratories is built up to a 
standard, not down to a price. 


Brach Radio Products are List- 
ed by Underwriters’ Labora- 
tories under re-examination 
service. 


L. S. BRACH MFG. CO. Newark, N. J. 


Members of The Institute of Radio Engineers Have 
Known Brach Products for 20 Years. To Them 
Quality Has a Strong Appeal. 
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BURGESS RADIO BATTERIES 


A Preferred Equipment in Leading 
Broadcasting Stations. This is West- 
inghouse Station KYW., Chicago 


The same Burgess Radio ‘A’, 
'B' and 'C' Batteries which are 
today faithfully serving the na- 
tion’s armed forces on land and 
sea and in the air, and used by 
leading radio broadcasting sta- 
tions, experienced radio engi- 
neers апа amateurs, аге sold in 
your OWn community by your 


own dealer for your own receiv- 
ing set. 


When you replace your old bat- 
teries, ask your dealer for 
Burgess. Insist upon this brand 
of laboratory products—you will 
receive the same measure of sat- 
isfactory service that has won 
the confidence of the radio public. 


“Ask any Radio Engineer" 


The U.S. Navy Uses Burgess Radio 
Batteries 


BURGESS BATTERY COMPANY 


Engineers 


Flashlight + Radio + 


DRY BATTERIES 


Manufacturers 
Ignition + Telephone 


General Sales Office: Harris Trust Building, Chicago 
Laboratories and Works: Madison, Wisconsin 


In Canada: Niagara Falls and Winnipeg 
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‘Simplify Radic’ 
Says к” 
Daven < 
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Daven 
Engineers 
Blaze Another Trail 


HE biggest of all the little things in 

radio is the grid leak. The Daven Grid 
Leak is known the world over as the 
grid leak of permanent, constant value. 
It is standard, 


Almost as important is the condenser. 
But grid condensers change with temper- 
ature and humidity. The mica in con- 
densers lacks uniformity or is impure. 
The tin foil plates melt or change their 
capacity. 
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In their constant efforts always to sim- 
plify and to improve, Daven engineers 
have made a remarkably effective com- 
bination of grid leak and condenser. 
r . ә 

l'wo-in-one! 


THE DAVEN LEAKANDENSER 
The New Daven Tube [Г is so simple, so effective and so sturdy 


Type MU-20 increases the amplification of the that you will wonder why it was not 


Daven Super-Amplitier to equal or exceed that thought of before. 
obtainable with transformer coupling. A one- "e è Z А 
purpose, three-element tube, 6 volt, 14 ampere Similiar in size to the Daven Grid Leak, 


—81.00. Daven Power Tube Type MU-6 ie it takes the place of the usual grid con- 
recommended for last or output stage—$5.00. Jenser which has shunted around it the 
usual grid leak. Made with five different values of grid leak resistance, 2, 3, 4, 
5 and 7 megohms. The grid condenser capacity is fixed and correct for all 
makes of detector tubes. 


With every Leakandenser a pair of new fastener clipsthat do not permit it to 
shake out. Precision-built. Price $1.00 each. 
Manufacturers are invited to send for a sample. 
THE HANDBOOK OF RESISTANCE COUPLED AMPLIFICATION 
The authority on this important subject is THE RESISTOR MANUAL. At your dealer's 25c, 


By mail postpaid 30c. 
DAVEN PRODUCTS ARE Clip this -oupon 
SOLD ONLYX BY GOOD DEALERS a499090000000800000000886000085000008000000800806060260609 


Қ E Daven Radio Corp. R -10-2$ 
^" к i. ae o Meor 158-160 Summit Street, Newark, New Jersey 
AVT. AD 7 ро OW Please send me the following on Resistance Coupled 
AV EW RAD | O CORPORAAL Amplification: Check one 
Rasistor Jpocialists OD Resistor Manual. 30c is enclosed. 


NEWARK Reg.U.S.Pat.Of. NEW JERSEY 
for Dealers: Send your letterhead or card or 
this coupon and we will have our nearest dis- 
tributor communicate with you. 


THE BIG LITTLE THINGS OF RADIO 


O Complete Catalog (free) (| ^ DealerProposition, 


Name 


Address 
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JEWELL 
No. 110 
TUBE- 

' CHECKER 


Most 


Radio Engineers 


--Know of 


the Jewell No. 95 complete Radio Test Set 
and use it in their laboratories and experi- 
mental work. The No. 110 Tube-Checker was 


designed to assist radio jobbers and dealers in | 


the hurried checking of quantities of tubes. 


€ Our line of high resistance voltmeters, in 2-inch 
diameter cases, was designed for set manufacturers 


' who demanded a small but accurate instrument 


for mounting on the panel of sets. 


€ If you will drop us а card saying that you area 
member of The Institute of Radio Engineers, we 


will send you a complete set of Jewell Radio In- 


strument literature. 


Jewell Electrical Instrument Co. 
1650 Walnut Street - - Chicago 


“Jewell Leads іп Radio” 


NV 


Always specify — 
“ESCO” Maximum miles per watt 
Power supplies for transmission. 


“ESCO” has developed a line of over 100 standard 2-bear- 
ing Motor-generators for plate or filament. These in- 
clude D.C., A.C., single phase and polyphase motors. 


“ESCO” two and three unit sets have become the ac- 
cepted standards for transmission. Тһе “ESCO” line 
consists of over 200 combinations. These are covered by 
Bulletin 237B. 

Our engineers are always willing to cooperate in the de- 
velopment of special sets. 


“ESCO” is the pioneer in designing, developing and producing Generators, 
Motor-Generators, Dynamotors and Rotary Converters for all Radio Purposes. 


HOW САМ “ESCO” SERVE YOU > 

ар ELECTRIC SPECIALTY COMPANY qe 
TRADE “ESCO” MARK 

300 South St. Stamford, Conn. 
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spot of 
MICADON 
TYPE 
640 
002 MFD 


PATENTS 
PENDING 


MICADONS-the standard fixed Radio 
condensers—are shielded by Bakelite 


When William Dubilier set out to make a 
perfect fixed condenser, it was commonly 
supposed that eddy currents, brush dis- 
charges and other hysteresis losses were 
chiefly responsible for condenser troubles. 


Dubilier discovered that compression over- 
came mechanical movements. This dis- 
covery made possible an efficient conden- 
ser for broadcasting. It is this same 
principle that is embodied in the Micadon. 


After exhaustive tests, Dubilier found that 
Bakelite laminated was the best insulating 
medium obtainable for use іп broadcast- 
ing condensers and Micadons. Bakelite 
laminated will not break, does not warp 
and has high qualities as a dielectric. 
The development of the Micadon has been 
an outstanding achievement in which 
Bakelite has played an important role. 


Write for Booklet 33 


BAKELITE CORPORATION 


247 Park Avenue, New York, N. Y. 
Chicago Office: 636 West 22d Street 


cw à v BAKELITE 
w / f te the ra 
fer / r It 

pr f а ім 
ve “t € We w be 
Gilad е а; t per proie apparafus 


REG'D І! © PAT. OFF. 


THE MATERIAL OF A THOUSAND USES 


. |BAKELITE |“ 
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PROFESSIONAL ENGINEERING DIRECTORY 
For Consultants in Radio and Allied Engineering Fields 


The J. G. White 


Engineering Corporation 


Engineers—Constructors 


Builders of New York Radio Centrel 


Industrial. Steam Power and Gas 
Plants, Steam ага Eiectnme Rai- 


roads, Transm:ssicn Systems. 


43 Exchange Place 


New York 


E. F. DUSKIS 


Now at Suite 707 
Cable Address: RADIOPARTS 


326 W. Madison St., Chicago, IIL 


Cz-si[* me regaring highest grade 
tach. абата" 722 ean stactinng 
s meses. 5-:а.27: Line Frequency 
С--<Зегзетз, Осос\е Rrecseacs. Dou- 
tle Contensers Caciners. T-ansfsmn- 
tanes А2 iomete ute peo 
ша: price ems Scr set mar utactcrers: 
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Electrical Testing 


Laboratories 


Electrical, Photometrical. 
Chernical and Mechanical 
Laboratories 


RADIO DEPARTMENT 


80th Street and East End Ave. 
New York, N. Y. 


RADIO PATENTS CORP. 


Aids inventors to sel their inven- 
tons to manufacturers and. m 
mneritorious cases. in the further 3е- 
velopment of nventicns.  Ovrccrz- 
pensation derived oniy from sbarzg 
in the selling price. 
Incorporated 19/7 
247 Park Avenue. New York City 


To Executives and Advertising Managers of 
Radio Manufacturing Companies 


For over tea years THE INSTITUTE OF RADIO ENGINEERS 
has been the leader in the development and promotion of the 
art of rado communication. During this peried it has been 
instrumenta: in ia,ing the fo.ndation upen which vour pront 

abie radia business of todas 15 based and in putting гаї: 
z industries of tre country. The PROCEEDINGS 
‚ gorra of THE INSTITUTE -As the leading 
. pubucaten of tne industry 158. circulation is steadily 
ага 115 enarged editorial contents becoming more 
таса with each iss ce. Therefore. representation in its ad- 
res 12 "ne advevtiser increased prestige anc an 

reser t7e merits of his products to a distine- 

Par faortner расте аз. address 


Advertising Manager 
THE INSTITUTE OF RADIO ENGINEERS 
37 West 39th Street. New York 


NATIONAL 


ELVEI ONDENSERS 
ERNIER © DIALS 


Transmission and Reception 


MM" 


- ШШШ: 
Corm mr рд 


The illustration shows Lieut. F. H. Schnell's short wave Transmitter 
using National Type D. X. T. transmitting condensers. These con- 
densers are designed for continuous operation at 1500 volts—40 meters 


Write for Bulletin 106 I. R. 
MADE BY 


THE NATIONAL CO., Inc. 


Engineers and Manufacturers 


CAMBRIDGE, MASS. 


ЖА 


DUDLO 
Magnet Wire and Windings 


Approved by Leading Radio Manufacturers 
because of 


Consistent High Quality 
Dependable Workmanship 
Adherence to Specifications 


Our Capacity, the largest in the country for 
producing Fine Enameled Wire and Winding 
Audio Coils, insures the best delivery at all 
times. 


We will gladly help in your 
experimental and develop- 
ment work with our En- 
gineering and Sample 
Departments. 


Send us your specifications 

for prices and samples with 

no obligation on your part. 
= 


Dudlo Manufacturing Corporation 
Fort Wayne, Indiana Newark, New Jersey 
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Four-inch dial 

—with 25” ta- 

ed Vernier 

Ob (A) and 2" 

tape Knob 

(B) for ordinary 
tuning 


O-100 
100-O 


$2.25 


Greater Selectivity 


More Stations! 
*Aligns Rite—Holds Tite” 


Kurz-Kasch Aristocrat E-Z Toon dials 
increase theselectivity of your set, making 
“tuning іп” of stations easier, and there- 
by giving you more stations. E-Z Toon 
dials permit you to tune out “‘locals’”’ and 
bring in distant stations clear and loud. 
No set is complete without E-Z Toon dials. 
There are so many stations crowding into 
your set, that unless you have the great- 
est selectivity you are unable to enjoy any 
one. Close selectivity gives clearer tone. 
You do not have ‘‘mushy”’ reception. 
Especially good on short 
wave sets (40 to 200 meters). 
Kurz-Kasch patented split 
bushing for mounting. 

Fits any length of shaft. 

No cogs or gears—no back 
lash or lost motion. 

Simply and quickly іп- 
stalled. Take off old dial— 
slip оп Aristocrat E-Z Toon 
and tighten on shaft. No 
drilling of panel or other 
changes in set required. 
O-200 Rigid construction—nothing 
200-O to break, wear out, or get 
$2.35 out of order. 


Write for illustrated literature on complete Kurz-Kasch 
line, Dials, Knobs, Sockets, Potentiometers, Rheostats, etc. 


Manufactured b 


THE KURZ — KASCH COMPANY 


Largest. Exclusive Moulders of Bakelite 


Factory & Main Office 
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Dayton, Ohio. 


RADIO SUPREMACY 
16 Years 


of remarkable radio developments — 


Responsible for 


—the development of the continuous 
wave arc converter for use on ship- 


board— 


—the first successful commercial point- 
to-point radio telegraph svstem in the 
world— 


—the Kolster Radio Compass, the use 
of which permits the safe navigation 
of vessels during foggy or thick wea- 
ther. 


And most recently — 


KOLSTER RADIO FOR THE HOME 


Engineers will be interested 1n the complete bulletins that are 
available upon request. 


FEDERAL TELEGRAPH COMPANY 


SAN FRANCISCO 
25 BEAVER STREET, NEW YORK CITY 


Japan -China- Representatives: 


Sperry Gryoscope Co., Mitsui Building, Tokio 
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MEETING 


Every Electrical 
Measuring Requirement 


The line of Westinghouse Instruments includes 
every size and form for every use and application in 
electrical measurement. Special apparatus, such as 
oscillographs and klydonographs, are also among West- 
inghouse catalogued products. 


Uniformity of appearance 15 maintained іп spite 
of the broad range covered. A panel of Westinghouse 
instruments is always neat and pleasing to the eye. 


For detailed information regarding an instrument 


for any purpose whatever, get in touch with our near- 
est district office. 


Westinghouse Klecteic b Manufacturing Company 
Newarb Works Newark. J. 


Seles Offices in АП Principal Cities of 
the United States and Foreign Countries 


Westinghouse 


X 82179 
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RADIO ENGINEERS 


e o S 


We have a number of vacancies for men 
possessing all the following qualifications: 


1. Education equivalent to that re- 
quired for the E.E degree. 


. Experience of one year or more in 
commercial radio practice, or in 
its stead, the M.S. or Ph.D. degree 
with specialization in research 
work along radio lines. 


3. United States citizenship. 


Qualified applicants are requested to re- 
spond by letter only, giving details of 
education, experience, salary desired and 
time of availability. Address 


RADIO CORPORATION 
OF AMERICA 


Technical and Test Department 


70 Van Cortlandt Park, South 
Bronx, N.Y. 


Attention of Mr. Julius Weinberger 
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50600600200 


The units illus- 
trated here are 
approved by the 
designer-engi- 
neers for the new 
HAMMARLUND- 
ROBERTS Re- 


ceiver. 


N efficiency obtainable almost exclusively in laboratory 
construction is now available in a practical commercial 
form. By an ingenious us Hammarlund engineers have 


devised a way to wind the famous solenoid coil with a defin- 
ite space between turns, supported and anchored by a mere 
film of dielectric material. Thus, inductance 15 kept high, 
with low distributed capacity and absolutely no chance for 
short circuits. | 

Various sizes and arrangements are available for standard 
circuits. 


Send 25с. for complete book giving details of assembling, wiring and operating 
the Hammarlund-Roberts Receiver. Fully illustrated 


HAMMARLUND MANUFACTURING CO. 
424-438 W. 33rd Street New York City 


Jor Better Radic | 
ammarlund 


PRECISION 


PRODUCTS 
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American Hard Rubber Company - IX 
American Transtormer Company - - IV 


Bakelite Corporation XVII 
Brandes, C., Inc. - -= МУП 
Brach, L. S. "Manufacturing Company | ХП 
Burgess Battery Company - - XIII 


Cunningham, E. T.. Inc. - - - Inside Front Cover 


Daven Radio Corporation - - - - XIV 
Dubilier Condenser & Radio Corp. Back Cover 
Duskis, E. F. - - XVIII 
Dudlo МВО Ар, Company -- ХХ 


Electrical Specialty Company - - XVI 
Electrical Testing Laboratories ; XVIII 


Federal Telegraph Company - XXII 


General Radio Company - ПІ 
Grebe, A. H. Company - 


Hammarlund Manufacturing Co. 
Jewel Electrical Instrument Co. 
Kurz-Kasch - - - - - - XXI 


National Carbon Company - Inside Back Cover 
National Co., Inc. - - - - ~ - - ХІХ 


Pacent Electric Company ~ 


Radio Patents Corp. - - - - XVIII 
Radio Corporation of America VIII and XXIV 
Roller-Smith Company - - uic 
Rathbun Manufacturing Co. mee 


Westinghouse — - - -= - - - 
Weston Electrical Instrument Company 
White, J. G. Engineering Corporation 

Wireless Specialty Apparatus Company 


When writing the advertisers please mention Tue Proceepincs or THE 
IusriTUTE ов Rapio ENGINEFRS. 
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Radio Batteries 


—they last roe 


EVEREADY “В” BATTERY 
No. 766 
In the new metal case 


Thirty years of Dry Cell experience and a large 


research organization are back of EVEREADY 
Radio Batteries, 


There is an EVEREADY Battery for every 
radio need, 


Dry Cell *A" Batteries— 
Storage “А” Batteries— 


"B" Batteries for all sets—from thé smallest 
portable to the largest permanent installation. 


"C" Batteries for improving quality of recep- 
tion and increasing “В” Battery life, 


Manufactured and Guaranteed by 


National Carbon Company, Inc. 


New York—San Francisco 
CANADIAN NATIONAL CARBON CO., Limited. Toronto, Ontario 


Dubtlier Coditenicn at Philo Substation 


of Ohio Power Company © = И 


This illustration. shows Dubilier. condensers uséd for coupling dé 2S" e 
power line telephone system to the 132,000-volt transmission lines of 4. t 
the Ohio Power Company's Philo Substation. : пБ 
Other notable installation; of Dubilier Power Line Condensers are: a. x ee. 4 
Ohio Power Co. Canton Station 2 < заа 
Central Virgina Power Со. Roanoke and Lynchburg Stations ға гы 
Interstate Power Co. St. Albans Station 4-2» ЧАШ 
New River Development Co, Glen Lyn Station * s A EA 
Indiana & Michigan Е!ес. Со, Боца m Elkhart and Berrian Spring 2 
tations "det 
Atlantic City Elec. Co. кашы City, Ocean City and Woodstown >. civ 
tations { EX 
Tennessee Electric Power Co. Cleveland, Tenn. e Н tor 2 E: ке + 
Oklahoma Gas & Elec. Со: Enid and Sapulpa Stations DR түз Уба 
Northern New York Utilities Co. Watertown, N ў Ке 49 25555 
Interstate Public Service Co. Bedford, Ind. "u.s a 
» P ф = 


Write for particulars, Address 4377 Bronx Boulevard ~~. &- 


Dub ilier - 


“CONDENSER AND RADIO CORPORATION 


Digitized by Chet 
С: 


к. “ыа-,ы 


343501 


